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Abstract 
Ganoderma lucidum commonly called lingzhi is a well-known traditional Chinese 
herbal medicine and has attracted worldwide attention from nutraceutical and 
pharmaceutical industries. More and more people like to collect this wild 
mushroom for consumption. G. lucidum is also a soil-borne tree pathogen infecting 
^c^cia confusa, Leucaena leucocephala, Litsea cubeba and Lophostemon confertus 
in Hong Kong. As these tree hosts except Litsea cubeba are exotic species 
commonly planted in Hong Kong, G. lucidum may be introduced to Hong Kong via 
the purchased trees for plantation/reforestation which was practised as early as 1880s. 
This is a pioneer study on the genetic relationship among the G. lucidum isolates 
found in Hong Kong and assessment of any environmental contamination of 
field-collected mushrooms posing health hazard for consumption. 
Somatic incompatibility (S.L) test was applied to reveal individualism of G. lucidum. 
A tree trunk was found usually inhabited by an individual of this fungus, while 
fruiting bodies from nearby tree trunks may or may not be of the same individual. 
A fruiting body was collected from one tree trunk only, and 36 fruiting bodies were 
collected from 22 sites scattered in Hong Kong covering roadside and non-roadside 
locations in urban and rural areas. These 36 G. lucidum isolates of distinguishable 
D N A fingerprints by arbitrarily-primed polymerase chain reaction using primer 
M 1 3 R were sexually compatible and showed highly similar fruiting body 
morphologies and developmental plasticities in the field. 
Genetic divergences in two mitochondrial genes, mitochondrial small sub-unit 
(mt-SSU) rDNA and cytochrome oxidise sub-unit 3 {coxS) were investigated to reveal 
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the biodiversity of G. lucidum. These two genes were found to evolve at different 
rates. The genetic divergences among them in mt-SSU rDNA region ranged from 
0.0 to 2.9% while that of coxS region, ranged from 0.0 to 13.4%. From the results 
of genetic variability and phylogenetic analysis using P A U P version 4.0 beta 
software, three lineages and two phylogenetic species were discovered for the 36 G. 
lucidum isolates collected in Hong Kong where is a small area of 1,500 k m ^ These 
lineages showed overlapping territories. One lineage predominates in Hong Kong at 
470/0 of occurrence. Two isolates of different lineages or phylogenetic species 
could be at a 1 m distance apart. 
To assess whether the field-collected G. lucidum fruiting bodies are safe for 
consumption, fruiting bodies were collected from 5 roadside and 5 non-roadside sites 
for analyzing their contents of 16 metals and 7 common organopollutants. No 
organic pollutants were detected from the samples. In contrast, concentrations of 
four heavy metals, namely, cadmium, chromium, copper and lead, in all or some 
samples exceeded the maximum permitted concentrations recommended by World 
Health Organization (WHO) for food. Fruiting bodies collected from roadside sites 
usually had higher heavy metal contents, implying the source of contamination from 
vehicle exhaust. Although Hong Kong harbours significant diversity for 
Ganoderma lucidum, the mushrooms growing wild are susceptible to heavy metal 


















(mt-SSU rDNA)及細胞色素氧化酶亞基3 {coxS)進行了 DNA序列的分析。靈芝 
的生物多樣性結果顯示，這兩段基因有不同的進化速度。36個樣本在mt-SSU 
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Chapter 1 Introduction 
1.1 Ganoderma lucidum 
1.1.1 History of Ganoderma lucidum 
Ganoderma lucidum, commonly called Lingzhi, reishi, has a long history in China 
(Zhao, 1989). Early in Ming Dynasty (1590), ancient medical book 'Ben Cao Gang 
M u ' by Li Sin Chen had mentioned G. lucidum as a superior herbal medicine. Since 
then, lingzhi (or called reishi, red zhi, zhi) is regarded as a valuable, powerful herb 
(Stamets, 1993; Eo et al., 1999; Zhu et aL, 2000). G. lucidum (Lingzhi) and G. 
sinense (Zizhi) have been used as medicinal fungi by the Chinese and other Asians 
including Japanese and Korean since ancient times (Zhao, 1989). Nowadays, its 
popularity has spread throughout the world as a valuable herbal medicine. 
Besides in Asia, Ganoderma lucidum also plays an important role in western 
countries. Ganoderma was first described by Karsten at 1881 with G. lucidum (W. 
Curt.:Fr) Karst. as the type species (Adaskaveg and Gilbertson, 1986; Moncalvo et 
al., 1995b). There are over 250 Ganoderma species worldwide (Moncalvo et al., 
1995a; Moncalvo and Ryvarden, 1997). 
1.1.2 Classification 
From the classification, Ganoderma lucidum belongs to the Family 
Ganodermataceae of Order Aphyllophorales in Class Basidiomycotina as a member 
of Kindgom Fungi. Basidiomycetous fungi produce basidiomes (basidiocarps, 
fruiting bodies). This fungus bears single-celled basidia and so called 
homobasidiomycetes. The hymenophore is in the format of tubes. Hence, the 




1.1.3 Macroscopic and microscopic structure 
Ganoderma lucidum is characterized by its woody basidiocarps, each of which has a 
shining substance resembling sealing wax on the upper surface of a pileus and the 
outer surface of a stipe (Zhao and Zhang, 1992). This special coating is termed 
laccate. Concentric rings are present on the surface of the basidiocarp. A basidiome 
may be orange, reddish brown to bright red in colour, with white boundary at young. 
The basidiocarp is usually kidney or conk, stipitate (with stalk) or sessile (without 
stalk). However, color and form of the pileus were subjected to environmental 
variations (Adaskaveg and Gilbertson, 1986; Chiu et al, 1999). The tubes at the 
bottom of the basidiocarps are cylindrical and long. The stipe, if present, usually 
possesses the same or darker color then the basidiocarp. Sometimes branched stipe 
with each carried a circular pileus may be found (Zhao and Zhang, 1992). 
The hyphal system is usually trimitic (consists of 3 different types of hyphae) but 
dimitic is (2 different types of hyphae present) also found. Generative hyphae are 
branched, thin walled, simple septate or clamped. It is the basic element of the tissue 
of a basidiocarp. Binding hyphae are highly branched, thick walled and without 
septa. Skeletal hyphae are unbranched, thick walled and without septa. The 
hymenium (a layer of cells) lines within each pore. Transition among these hyphal 
types was observed in the basidiomes (fruiting bodies) of local Ganoderma lucidum 
species (Cheung, 2001). Cheung (2001) made the first observation on the hymenium 
indicating the loose hymenial structure atypical from a basidiomyetous hymenophore; 
Instead of a tight layer of closely packed hymenial cells, scattering basidia bearing 3 
to 4 basidiospores arise as branched out cells from the hymenial trama hyphae. 
Neither cystidia and nor paraphysese were found (Cheung, 2001). Spores are 
double-walled, reddish brown with diameter varying from 9-12 x 5.5-8 |im. The 
wall decoration in the outer spore wall was not resistant and degraded in old samples 
(Cheung, 2001). Multipolar germ tubes emerged from a basidiospore but the 
germination rate was low to rare (Cheung, 2001 ； Chiu et al, unpublished result). 
This fungus grows annually and most of the basidiomes only emerge in summer to 
fall. Active growing regions are white in colour and are usually found at the margin 
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of the basidiocarp. The growth pattern is mainly concentric as revealed by the 
pigmentation pattern. When it matures (characterized by the diminishing of white 
margin on the fruiting body), basidiospores will be released. In field studies, many of 
these dispersed basidiospores fall on the surface of the pileus and leave a brown 
powdery appearance on the upper surface of the pileus. At this stage, specific odour 
of Ganoderma lucidum complex can be detected (Zhao and Zhang, 1992). 
Basidiocarps are usually found on stumps or near soil surface or arising from buried 
roots. The fungus is commonly found in sub-tropical regions, as it likes to grow in 
habitats with indirect sunlight, high humidity and moderate to hot temperature (Zhao, 
1989). 
1.1.4 Ganoderma lucidum as a pathogen 
Ganoderma lucidum is a white rot fungus which causes simultaneous decay with 
preferential removal of lignin (Adaskaveg and Gilbertson, 1985). Ganoderma 
species are pathogenic and soil-bome fungi which colonize many living or dead 
woody plants, causing root and basal stem rot. It attacks a number of plants such as 
coconut and oil palm (Turner, 1965), oak, maple, sycamore and ash, mesquite, olive, 
grape and conifers (Adaskaveg and Gilbertson, 1985; Hseu et al., 1996)，subabool 
(Krishna, 1997) and monocotyledonous species (Gottlieb et al., 1998). Once a 
basidiocarp emerges, the infected living tree will die after few years with progressive 
desiccation of leaves from the oldest to the youngest (Sariah et al., 1994). In 
laboratory study, G. boninense was reported to cause 100% infection to oil palm 
seedlings (Sariah et al.’ 1994). This indicates that this Ganoderma species is a strong 
pathogen. In our group research, however, a local Ganoderma lucidum isolate could 
artificially infect Litsea cubeba and Lophostemon confertus at 100% but at low 
frequency with Acacia confusa (Cheung, 2001; Chong & Chiu，unpublished result). 
Besides, infected trees in the field are still capable of growth and sexually reproduce 
for one or more years (Chiu et al., unpublished result). This indicates that parasitism 
may not be the major mode of nutrition for the native species. 
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1.1.5 Availability of tree hosts in Hong Kong 
Ganoderma lucidum is usually found on broadleaved trees. From field observation in 
Hong Kong, fruiting bodies of G. lucidum can be found on both live or dead tree 
trunks. Besides dead trunks, G. lucidum are found on live Acacia confua, Listea 
cubeba, Leucacena leucocephala and Lophostemon confertus in Hong Kong. 
Acacia confusa 
Acacia confusa is one of the most commonly plated trees in Hong Kong since 
reforestation in 1949 (Hong Kong Herbarium, 2002). It is an introduced species 
which originates from Taiwan and Philippines. It is a kind of evergreen trees 
blooming yellow fluffy ball-like flowers during spring and summer. A. confusa is 
widely planted in roadside and infertile lands in Hong Kong, where the air and soil 
qualities are relatively poor (www.info.gov.hk.afcd). According to Hong Kong 
herbarium, the earliest record of this tree was in 1905 when the tree was found at 
Lamina Island. Afterward, lots of records can be found since reforestation in 1949 in 
Hong Kong. 
Leucaena leucocephala 
Leucaena leucocephala, which was first recorded in 1885 in Hong Kong, is also an 
exotic species, originates from tropical America and is now being a common 
roadside plant in Hong Kong. Similar to A. confusa, L. leucocephala also belongs to 
family Mimosaceae. This evergreen tree has alternate and compound leaves with 4 
to 9 pairs of pinnae. The leaflet pairs collapse at night. It flowers throughout the year. 
The flowers are very small and packed together to form a small spherical heads. The 
fruits are also similar with those of A. confusa having dry brown pods and strap-
shaped (Thrower, 1988). 
Listea cubeba 
Listea cubeba is a native species in Hong Kong. It is a deciduous tree. The leaves 
are simple and alternate with sharp apices. It produces white, small and abundant 
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flowers in winter, and the flowers are present as clusters of four. The first record of 
L. cubeba in Hong Kong was in 1882 (Hong Kong Herbarium, 2002). This plant 
was in high danger of disappearing in Hong Kong due to excessive and discriminate 
cutting for fragrance (Thrower, 1988). It is a dioecious species and requires both 
sexes to be present for complete sexual reproduction. Asexual reproduction is not 
known. It is now a common tree species used in local reforestation programmes to 
encourage the growth of native species (Hong Kong Nursery Section, Agriculture, 
Fishery and Conservation Department, personal communication). Yet it grows much 
slower in contrast the two exotic species named above, 
Lophostemon confertus 
The latest tree host of G. lucidum discovered in Hong Kong is L. confertus. It is an 
exotic species from Australia. This evergreen tree produces white flowers in spring 
and summer with deciduous bark as large pieces peeling off from the trunk exposing 
the red bark. This species was firstly record in Hong Kong in 1917 (Hong Kong 
Herbarium, 2002). L. confertus has the ability to grow in different kinds of habitat, 
usually found in shaded areas with loose soil. It can also help control the growth of 
weed plants. It is also commonly planted in Hong Kong (www.info.gov.HK.afcd). 
1.1.6 Medicinal effects 
Ganoderma lucidum is a well-known medicinal mushroom which is claimed to 
relieve various diseases including tumorigenic diseases, hypertension, chronic 
hepatitis, nephritis, bronchitis, and insomnia (Lin et al., 1995; Mizushina et al., 
1998b; Kim et al., 1999a; Choi & Sa, 2000; Su et al., 2000). It has been used as a 
traditional medicine for more than 4000 years in China and other Asian countries. 
Various natural organic compounds, including crude extracts, polysaccharides, 
triterpenoids, ganodermic acids and trace minerals, especially germanium, of this 
mushroom have been identified to have various pharmaceutical values (Eo et al., 
1999; Kim et al., 1999a; Su et al’ 2000). 
Recently, researches are focused on the bioactivities of these compounds and 
determination of their clinical values. The antitumor effects of this mushroom is 
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owing to its chemopreventive effects, free radical scavenging activities, inhibition of 
D N A polymerase and potentiation of cytokine production such as interleukins and 
tumor necrosis factor (Lieu et al., 1992; Lin et aL, 1995; Wang et al., 1997; 
Mizushina et al” 1998a & b; Kim et al., 1999a; Zhu et al., 2000). 
Various studies also demonstrate the antiviral effect including antiherpetic activities 
(Lin et al., 1995; Eo et al., 1999; Kim et al, 1999b). A n anti-human 
immunodeficiency virus (anti-HIV)-l protease (IC50 values: 20-90 |liM) was isolated 
from G. lucidum extract (Min et al, 1998). A positive result about short-term safety 
and efficacy of G. lucidum in treatment of human immunodeficiency virus (HIV) 
infection has also been obtained recently (El-Mekkawy et al., 1997). G. lucidum is 
also a popular anti-inflammatory agent. A fibrinolytic and antithrombotic protease 
has been discovered and has an anticoagulant activity in human plasma (Choi & Sa， 
2000; Su et al, 2000). 
Numerous researches have given evidences that G. lucidum contains various 
functional metabolites. However, in vivo studies may not show the desirable 
property (Chiu et al., 2000). Nevertheless, worldwide research activities, especially 
clinical studies, on this powerful mushroom are still ongoing. 
1.2 Study of Populations in Fungi 
1.2.1 Definition of Population 
Studies of the ecological interactions can be classified into four levels: populations, 
communities, ecosystems and the biosphere. Population is usually defined as an 
interacting group of individuals of a species that use common resources and are 
regulated by the same natural phenomena, including temperature, water and food 
supply, and predation. A population should be further defined by geographical 
boundaries (Gottfried， 1993; Campbell et al., 2000). In the case of fungi, a 
population could be defined as individuals of a species present at the same time in 
the same locality (Anderson & Kohn，1998). 
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1.2.2 Study of Fungal Populations 
Individuals even in the same population are not entirely uniform for all species. On 
the contrary, they usually have a highly complex internal organization in a 
population. The organization of individuals of a species, sharing relatively great 
overall genetic similarity, together with their pattern of distribution, is regarded as 
the population structure. Population structure results from the complex interactions 
between intrinsic factors which would promote or constrain genetic similarity among 
groups of individuals (Templeton, 1989). These factors promote genetic similarity 
within populations in different ways, including gene flow by facilitating the spread of 
genetic variants, genetic drift by random fixation or elimination of genetic variations 
which are better adapted to their ecological niches (i.e. natural selection). The 
interaction of these processes over time results in genetic divergence among 
populations. 
There were relatively few studies of population biology of fungi in the past when 
comparing with other kingdoms, animals and plants. This is mostly due to the 
difficulties in finding naturally occurring markers in fungi. Some markers that have 
been used to reveal population structure in the early stage of population studies were 
virulence, mating-type alleles and vegetative incompatibility alleles (Anderson et al., 
1979; Brasier, 1986: Perkins and Turner, 1988). Since 1980s, the usage of molecular 
markers in analyzing population of fungi has increased (Michelmore and Hulber, 
1987). 
1.2.3 Techniques for Population Studies in Fungi 
There are numerous techniques for population studies in fungi. Here several widely 
used techniques are discussed. 
1.2.3.1 Somatic Incompatibility Test 
Somatic incompatibility (S.L) is a polygenic control character, referring to the 
prevention of effective fusion and integration by allorecognition between genetically 
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distinct, conspecific tissues. Therefore somatic incompatibility is widely used to test 
individualism in a population (Esser & Kuenen, 1967; Worrall, 1997; Dettman and 
Kamp, 2001). When two mycelia coming from different individuals encounter, 
antagonism would be resulted, and the two isolates would then be regarded as -
somatic incompatible. On the contrary, when two mycelia come from the same 
individual (or very closely related individuals), they would successfully anastomose 
and fuse to form a uniform mycelial colony as a self. 
Two facts about somatic incompatibility should be emphasized. Somatic 
incompatibility, usually inferred from mycelial incompatibility, is definitive evidence 
of and is usually quite sensitive to genetic difference. Firstly, somatically 
incompatible isolates are surely genetically different from each other. However, 
there is uncertainty in the reliability of the assumption that somatically compatible 
isolates are of the same genotype. Two isolates that are genetically very close to 
each other, like siblings, may also be somatic compatible. This is the main concern 
when studying individualism by S.L test. 
1.2.3.2 Isozyme Analysis 
Isozymes are the polymorphism of enzymes encoded by one or more genetic 
locus/loci among organisms. They are different in amino acid sequences which in 
turn reflect differences in the D N A coding sequences. Isozyme markers have been 
widely used for studying population structure in plants and fungi (Micales et al., 
1986; Stasz et al., 1988; Shaw et al., 1999). As different enzymes have different 
electrophoretic mobilities (which depend upon charge(s) and/or conformation of the 
enzymes), different isozymes would show different positions on electrophoresis on 
gels. 
Isozyme markers provide a rapid analysis for large numbers of samples and are 
generally sufficiently sensitive enough to detect within population variation. 
However, this marker is subjected to phenotypic variation depending upon growth 
conditions, age and type of tissues (Franke, 1973)，and are limited to coding regions 
of the D N A , thus sometimes there would not be sufficient variables for analyzing 
populations. 
8 
1.2.3.3 Restriction Fragment Length Polymorphisms (RFLPs) 
RFLPs are generated by the Type II restriction endonucleases, which bind to and 
cleave the corresponding D N A molecules into fragments (Roberts, 1984; Sambrook 
et al., 1989). There are numerous enzymes which have been isolated from different 
prokaroytic organisms for restriction fragment analysis. Each endonuclease, usually 
4-6 base pairs in length, recognizes a specific nucleotide sequence and cleaves the 
D N A where this sequence occurs. Thus, digestion of D N A with a specific restriction 
endonuclease produces D N A fragments which vary in length according to the 
distribution and abundance of cleavage sites. As the cleaved fragments have 
different lengths, they would move at different rates when subjected to gel 
electrophoresis and form bands at different distances along the gel (Roberts, 1984; 
Egger，1992). 
The differences in banding patterns are called RFLPs. The polymorphism may be 
resulted primarily from single base mutations within the recognition sequence of the 
endonuclease, or from insertions and deletions within or flanking regions 
homologous with the probe. Sampling sensitivity can be modified by choosing 
appropriate restriction endonucleases. Endonucleases with shorter length, thus 
recognize shorter sequences, generally cleave the D N A more frequently (Egger, 
1992). RFLPs are widely used especially in population studies and species 
identification not only in fungal system, but also in animals and plants (Smith et al.’ 
1990; Milgroom & Lipari，1995; Nakamura et al., 1998; Tsumura & Suyama，1998; 
Glen et al., 2001). 
Recently, polymerase chain reaction (PCR)-RFLP has been developed as another 
tool for population studies. By the technique of P C R (this technique would be 
discussed later), the target D N A fragment, usually ribosomal D N A (nuclear and 
mitochondrial rDNAs) and mitochondrial D N A (mtDNA) in this study (Smith et al, 
1990; Nakamura et al., 1998; Glen et al., 2001)，can be amplified to a huge amount 
and then undergoes restriction fragment analysis. PCR-RFLP is usually applied 
when the differences in the genome is too extensive (Wilding et al,, 1997). This 
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technique provides information of target genes in a more systematic study (Wilding 
et al, 1997). Some studies especially want to examine the methylation pattern. 
1.2.3.4 Polymerase Chain Reaction (PCR) Amplification 
P G R is an advanced method which is widely applied in numerous biological studies 
(Saiki, 1990; Steffan & Atlas, 1991). The principle of P C R is an in vitro 
amplification of a specific D N A from a trace amount of template. Hence, 
manipulation of living organisms can be is enabled. More than a million-fold 
amplification (10^ copies per PCR) can be achieved in a few hours (Naber, 1994). 
The sensitivity is increased with the introduction of a thermostable Taq D N A 
polymerase from a thermophilic bacterium Thermus aquaticus. As a result, the 
replenishment of enzymes after each cycle of synthesis can be eliminated. Also the 
cost of P C R is low and P C R is now automated (Henson & French，1993). 
The reaction is based on annealing and enzymatic extension of 2 oligonucleotide 
primers which flank the target sequence (Erlich et al., 1991). P C R is composed of 3 
phases. Firstly, the D N A template is denatured by heating and separated to form 
single strands of D N A . After that, short oligonucleotide sequences, the primers 
which are homologous to regions flanking the target sequence are allowed to anneal 
to the D N A . Finally, annealed primers are enzymatically extended in 5' to 3' 
direction on the template across the region of interest with the help of D N A 
polymerase. The cycle is typically repeated from 25-40 times in order to obtain 
enough amount of the target D N A for further analysis. As each newly synthesized 
D N A chain of each cycle can act as a template for the next cycle, P C R can be used to 
amplify target D N A sequences from minute quantities of starting material (Erlich et 
al., 1991; Egger, 1992). 
P C R products can be used for several analyses for population studies. Two of them 
would be discussed as follows. 
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PCR- based Techniques 
Arbitrarily primed PCR (AP-PCR) 
AP-PCR is a multi-purpose method that bases on the technique of P C R and generates 
fingerprints by annealing single arbitrary primer at low stringency conditions for the 
first few cycles (Welsh and McClelland 1990). This technique will undoubtedly 
rapidly escalate the use of molecular markers for population analysis because they 
are fast and easily applied to large population samples. It is also particularly 
valuable when no sequence information is available for the taxa being studied. 
Therefore, AP-PCR fingerprints have been widely used to investigate 
polymorphisms in population studies (Achenbach et al., 1997; Johnson et al., 2000). 
Yet this is a molecular marker but not a genetic marker (Chiu et al., 1996). 
DNA Sequencing 
Nucleic acid variations in D N A can be determined most directly by reading the entire 
sequence. Sequencing of the P C R product can be detected at very low level, and 
even all the variations of the target gene. Generally, sequencing can be described as 
follows. Labelled fragments are firstly generated from D N A or R N A which has been 
isolated and purified. The fragments are then electrophoresed, and lastly the 
sequence is read from the fragment patterns. There are a number of sequencing 
methods one of which, cycle sequencing, would be described here. 
Cycle sequencing is based on the dideoxynucleotide chain-termination method of 
Sanger et al (1977)，with the help of a linear polymearse reaction to amplify 
fluorescent-labeled D N A which is complementary to the target D N A (Hillis et al., 
1996). Like PCR, sequencing starts with an appropriate primer (usually the forward 
primer which used in the corresponding PCR) annealing to a complementary single-
stranded segment of D N A in the presence of deoxynucleotide triphosphates (dNTPs) 
and dideoxynucleotide triphosphates (ddNTPs) in a suitable buffer. Enzymatically 
controlled D N A synthesis is then initiated at the 3'OH terminus of the annealed 
primer and continues to read across the corresponding D N A fragment until the chain 
growth is terminated by incorporation of one of the four dideoxynucleotides. In 
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thermal cycle sequencing, D N A synthesis is catalyzed by a thermostable D N A 
polymerase (e.g. Tag or Vent D N A polymerase). Heat denaturation of double-
stranded template allows separating the double-stranded D N A to single strands and 
enables the annealing with the labeled primer and thus is followed by primer 
extension by the polymerase. Successive cycles of denaturation, annealing, and 
synthesis result in a large-scale linear amplification of labelled product. The primers 
can be end-labelled with fluorescent dyes for automated D N A sequencing and the 
fragments can then be detected during electrophoresis with the use of a tunable laser 
(Hillis et al., 1996). 
P C R sequencing is the most informative method for the target locus concerned. Also, 
it is the only molecular marker which contains a comprehensible record of its own 
history. By revealing the groupings of individuals, appropriate analysis based on 
sequences can thus provide a hypothesis on the evolutionary relationships between 
the different categories that are grouped together. D N A sequencing can therefore be 
adapted to achieve insightful results in a variety of research projects in many aspects 
including population genetics and conservation biology (Randi, 2000). 
There are different advantages and disadvantages among different kinds of molecular 
techniques for population studies. Table 1.1 is a comparison among the mentioned 
molecular D N A tools. Since then, other techniques including amplification fragment 
length polymorphisms (AFLPs) were developed. Yet the protocols are more 
complicated. As different tools have their different purposes, appropriate tools 
should be chosen for different analyses. 
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Table 1.1 Comparisons of different molecular techniques (Egger，1992; Karp and 
Edwards, 1998). 
Feature Isozyme RFLPs A P P C R Sequencing“ 
Cost Medium Medium Low High 
Level of skill Medium Low Low High 
required 
Automation Yes Difficult Yes Yes 
Reliability High High Medium High 
Dominant or Codominant Codominant Dominant Codominant 
codominant 
Specificity Medium Low (usually Low (usually High (only 
(Protein- whole nuclear whole D N A focus on target 
coding gene, or genome) genes) 
subjected to mitochondrial 
phenotype genome) 
variation)  
Polymorphism Medium Medium Medium Sequence 
dependent 
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1.3 Mitochondrial DNA (mt-DNA) in Fungi 
Mitochondrial D N A (mt-DNA) is a useful marker and—has been extensively applied 
to the studies of populations of living organisms (Egger, 1992; Randi, 2000). 
Analyses of mtDNA, either using RFLPs or direct sequencing of target genes, have 
been instrumental in defining conceptual issues and empirical descriptions of 
different aspects, including population variability (Avis, 1994). Before using mt-
D N A as the marker of population studies in fungi, the details of mt-DNA should be 
reviewed. 
Mitochondrial genome in fungi is one of the most well studied extranuclear genome. 
In most fungi, mt-DNA is circular with size ranging from 20kbp for 
Schizosaccharomyces pombe (an ascomyceteous fission yeast) to 170kbp for 
Agaricus bitorquis (a filamentous basidiomycete)，but typically between 40 and 
60kbp (Paquin et al., 1997; Scheffler, 1999). Size polymorphism in fungal 
mitochondrial genome at the intraspecies level has been reported. Fungal 
mitochondria genome has high content of A+T, usually 70-80% (Paquin et al., 1997; 
Scheffler, 1999). Paquin et al (1997) summarized the contents of mt-DNA in fungi 
and other organisms in Table 1.2. Fungal D N A usually consists of several genes 
coding for respiratory chain, N A D H dehydrogenases (jiad), apocytochrome b {cob) 
and cytochrome oxidase {cox). Also, genes coding for ATP synthesis {atp) and 
ribosomal RNAs are also present. Unlike plants, genes coding for ribosomal proteins 
are present in fungi except pseudogene in Allomyces macrogynus. This might reveal 
the development of dependence of nucleus for the mitochondrial function. Gene 
content in fungal mitochondria is relatively constant. The major difference is the 
absence of nad genes in some ascomycetes, such as Schizosaccharomyces pombe and 
S. cerevisiae, and the occurrence of a variable number of unique open reading frames 
(ORPs) in almost all fungi (Paquin et al., 1997; Scheffler, 1999). 
Furthermore, introns are inserted in many different mitochondrial genes of fungi, 
with a strong preference for protein-coding genes, coxl and cob in most cases 
(Paquin et al., 1997; Scheffler, 1999). Such as in Allomyces macrogynus mtDNA, 
about more than half of the introns are inserted in coxl and cob. Introns have seldom 
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been found in mitochondrial rRNA genes of fungi according to Paquin et al. (1997). 
However, in some others studies, introns have been found in mitochondrial rDNAs 
of fungi such as Sclerotinia sclerotioum and Isaria japonica (Carbone et aL, 1995; 
Ito and Hirano, 1999). Genes such as nad6，cox2 or atp9 rarely contain introns too. 
coxl and cob genes are the most conserved mitochondrial genes (Paquin et al” 1997). 
1.3.1 Inheritance in mt-DNA 
Cytoplasmically inherited petite mutations in yeast Saccharomyces cerevisiae were 
first reported in 1949 (Ephrussi et al., 1949). This marked the beginning of 
researches on cytoplasmic inheritance in fungi. Numerous studies have then started 
to investigate this uncovered field. 
Like in other organisms, uniparental inheritance of mitochondria in fungi has been 
reported abundantly. Evidence can be found in studies such as in 1995，isolated 
numerous m t D N A mutations in Neurospora and the mutant phenotypes were 
transmitted through the female. Mitochondrial genetic elements were inherited 
maternally in crosses, just with occasional leakage from the male in this fungus 
(Griffths et al., 1995). Another study also showed that all mitochondrial inheritance 
in Aspergillus nidulans was strictly uniparental (Coenen et aL, 1996). 
On the contrary, some studies have investigated recombination of m t D N A in a 
natural population in fungi, such as Armillaria gallica (Saville et aL; 1996 & 1998; 
Anderson & Kohn，1998). Although mt-DNA recombination is possible, normally 
the mitochondrial genome is maternally transmitted as a single haploid. 
1.3.2 Mitochondrial DNA in Population Studies 
Mitochondrial D N A is a useful marker and has been extensively applied to the 
studies of population of living organisms (Egger, 1992; Randi, 2000). Furthermore, 
as this genome is inherited uniparentally, it is a useful tool for lineage studies 
(O'Donnell & Cigelnik，1997). Analyses of the m t D N A genome using D N A 
fingerprint techniques such as RFLPs and R A P D can be found in many population 
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studies of fungi (Smith et al, 1990; McDonald et al., 1995; Milgroom & Lipari， 
1995; Miller et al., 1999; Randi，2000; Dettman & Kamp, 2001; Glen et al, 2001). 
In addition, mitochondrial genes have evolved independently from nuclear ones. This 
enables them to be used complementary to nuclear genes for production of more 
strongly supported phylogenies (Crespo et al., 2001). 
Rather than using the D N A fingerprint techniques, sequencing of different genes in 
the mt-DNA genome have also been used as the specific markers in population 
analysis. The most extensively used are mitochondrial small and large subunits (mt-
SSU & mt-LSU) r D N A (Bruns & Szaro，1992; Hibbett & Donoghue，1995; Crespo 
et al., 2001; Mantiri et al., 2001). 
1.3.2.1 Mitochondrial small-subunit (mt-SSU) rDNA 
Sequencing of mt-DNA genome was more extensively studied among animals. In a 
study of land snail, it was found to have, up to 14.1% difference in the fragment of 
mt-SSU D N A region within a population (Watanabe & Chiba，2001). Another 
population study on snail found that there was 6 % difference in this region between 
two lineages (Davison，2000). A population study on Aptostichus simus showed that 
in this spider species individuals within populations usually have the same haplotype, 
while individuals between population have different haplotypes which are quite 
divergent, 6-12% (Bond et al., 2001). 
In fungal studies, several genes in mitochondria have also been used. The most well 
studied one is mt-SSU rDNA. When comparing with animals, genetic divergences in 
the mt-SSU r D N A region in fungi are smaller. Mitochondrial SSU r D N A was 
reported to be more variable than nuclear SSU and LSU, and less variable than ITS 
in fungal system (Bruns & Szaro，1992; O'Doimell & Cigelnik, 1997; Pryor & 
Gilbertson, 2000). Mantiri et al. (2001) discovered that the D N A sequence 
divergence among twelve Neonectria isolates were 2.3-7.4%. The variability among 
the Stemphylium, Ulocladium and Alternaria species was found to be 9 % in the mt-
SSU r D N A region. Some isolates of within some Alternaria species sub-groups in 
the same study even have no variation in this region (Pryor & Bilbertson，2000). 
This degree of genetic variation is usually sufficient in providing information for 
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population and lineage studies among fungal system and thus is still the most 
commonly used mitochondrial gene in diversity studies among fungi. 
1.3.2.2 Cytochrome oxidase 3 (cox3) 
Besides mt-SSU rDNA, mitochondrial large subunit rDNA, atp6, cox3 have also 
been studied in fungi (Boyen et al., 1994; Kretzer & Bmns, 1999; Robison et al, 
2001). cox3 region has been used in population studies in many animals and plants 
(Seth et al., 1996; Nobuhiro et al., 1998; Tsumura & Suyama，1998). Fewer studies 
have been carried out on this region in fungal system (Smith & Anderson, 1994， 
Kretzer & Brims, 1999). Kretzer and Bmns (1999) claimed that reason for the 
rareness of using mitochondrial protein genes in fungal studies may be due to the 
lack of universal primers and presence of large introns in most of the likely target 
genes. From Kretzer and Bmns' study in 1999，these problems have been overcome 
as primers for atp6 and cox3 regions for Boletales were synthesized successfully. 
Also, introns were not expected to be presence in these genes based on the known 
atp6 and cox3 sequences from Boletales together with other fungi (Paquin et al., 
1997; Kretzer & Bmns，1999). The researchers also found that both atp6 and cox3 
are likely to be suitable for phylogenetic and population studies in fungi. This study 
provides informative results for further gene level investigation in fungi. 
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Tablel.2 Types and number of genes in m t D N A (Paquin et al., 1997; Scheffler,. 
1999). 
Type of gene Fungi Plants Animals 
Respiratory Chain 
N A D H dehydrogenase 0-7 11-12 7 
Cytochrome oxidase 3 3 3 
Apocytochrome b 1 1 1 
Others 
ATP synthesis 2-3 4 2 
Ribosomal R N A s 2 2-3 2 
Ribosomal proteins 0-1 16 -
Introns * +++ ++ + 
*： No. of ‘+，represents the relative abundance of introns in the respective kingdom. 
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1.4 Biodiversity study on Ganoderma species 
Moncalvo et al (1995a & b) in have investigated the genetic divergences in 
Ganoderma species from internal transcribed spacers (ITS) and nuclear ribosomal 
D N A sequences. The maximum interspecific divergence of ITS 1 and ITS2 regions 
among the 19 Ganoderma isolates were 18.0% and 20.5% respectively. Intra-species 
divergence in the three G. lucidum isolates from different areas (Taiwan, India and 
Philippines) were relatively small, no differences were found in ITSl region and only 
2 % divergences in ITS2 region (Moncalvo et al., 1995b). While a more recent study 
also showed similar result, i.e. ITS regions in G. lucidum (intraspecific variation) in 
Australia were quite conserved (Smith & Sivasithamparam，1999). On the contrary, 
another study by Moncalvo et al show that the sequence variation among the 29 
isolates of G. lucidum complex (including intraspecific as well as interspecific 
variation among G. formatum, G. lucidum and others) in large ribosomal subunit 
gene, ITSl and ITS2 were 0.9%, 21.1% and 19.9%. The researchers suggested that 
isolates that belonged to the same biological species, G. lucidum, should probably be 
classified into different phylogenic species as they were too diverge from each others 
in the ITS regions (the differentiation was also supported by phylogenetic analysis in 
the same study) (Moncalvo et al., 1995a). Cheung (2001) focused on sexually 
compatible Ganoderma lucidum isolates in Hong Kong and found unexpectedly 
larger divergence in both ITSl and ITS2 regions. The reason is uncertain. 
There was very little study on populations of wild Ganoderma, even none has been 
studying specially on G. lucidum. One related study was found in 1999. In the study 
of Miller et al (1999), genetic diversity of Ganoderma was investigated in two oil 
palms (16 palms X 16 palms) by somatic Incompatibility (S.L) test and restriction 
fragment length polymorphisms (RFLPs) in mitochondrial D N A (mtDNA). Total 45 
S.L groups were found in 64 isolates and only 2 among the 26 isolates showed the 
same m t D N A FRLP profile. The results showed that Ganoderma populations were 
highly heterogeneous over the two localized areas. 
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1.5 Environment Pollutants in Hong Kong 
As discussed before, G. lucidum is believed to have numerous medicinal effects. 
More and more claimed wild collected fruiting bodies of this mushroom could be 
found in the market now with the suggestion that the wild collected fruiting bodies 
have higher medicinal potencies. Despite how powerful G. lucidum is, however, is it 
safe to consume these mushrooms which were collected from unknown environment? 
Is the environment around the habitat of this wild mushrooms clean enough? If not, 
would the pollutants present in the air, soil or even the tree hosts of the mushrooms 
deposit or accumulate in them? In order to check whether wild G. lucidum in Hong 
Kong is safe to consume or not, this is a pioneer study on detecting any 
environmental contaminants on this valuable mushroom. 
1.5.1 Air quality in Hong Kong 
Common environmental air pollutants presented in Hong Kong in 2000 are shown in 
Table 1.3a (EPD, 2000). Heavy metals including cadmium, lead and nickel together 
with some organic pollutants, such as benzene, benzo[a]pyrene and dioxins were 
found. A group of compounds, polyaromatic hydrocarbons (PAHs), cased 
considerable degree of contamination in air in Hong Kong. The main sources of 
pollutants in the air are vehicle emissions and industrial activities (EPD, 2000). 
These pollutants may deposit on the soil or on even on the mushroom in the wild 
directly. 
1.5.2 Soil quality in Hong Kong 
Heavy Metals in soil 
Some previous studies showed that soil and roadside dust in Hong Kong contained 
considerable levels of four heavy metals, cadmium, copper, lead and zinc as shown 
in Table 1.3b (Wong et al, 1996; Poon et al 1999; Ho & Chiu, unpublished result). 
Copper (Cu), lead (Pb) and zinc (Zn) soil contents were classified as the second class 
according to the standard of China EPA (http://www.epa.gov.cn), which means that 
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the soil are just fair for plantation but not for agricultural purpose. Cadmium (Cd) 
levels in soil or dust in both studies exceed the third class limit of soil standard of 
China EPA, which means there are not suitable for any plantation. These data shows 
that soil in Hong Kong was contaminated to a certain extent. Not only urban and 
orchard soils, but also the forest soils were subjected to the impact of anthropogenic 
sources of trace metals. The studies found that some of the forest soils in Hong 
Kong also contained elevated levels of arsenic (As), Cu and Pb. Urban soils in Hong 
Kong were heavily polluted by Pb while orchard and vegetable soils were usually 
contaminated by As, Cd, Cu and Zn. The main source of Pb is gasoline combustion 
in urban areas while that of Cu ion is electroplating (Sze et al., 1996). The sources 
of other trace metals in Hong Kong soil applications of pesticides, fungicide, animal 
manures and fertilizers. Also, atmospheric deposition of vehicular emissions and 
industrial activities are other main source of contamination of soil in urban areas. 
(Chen et al, 1997; Poon et al., 1999). Furthermore, Poon et al (1997) showed that 
the concentrations of heavy metals in dusts were about 2-10 times higher than that of 
the soil of urban parks. This indicates that dust emission from vehicles was a serious 
contaminant source of metal pollution. 
PAHs in Hong Kong 
Polyaromatic hydrocarbons (PAHs) is another group of pollutants that most likely to 
present in the environment. PAHs are commonly found in air, water, soil and 
sediment. PAHs could be released naturally (biosynthetic). Some microorganisms 
such as bacteria, fungi and algae can synthesize these kind of compounds, but the 
main sources of PAHs are the anthropogenic sources, which creating problem in 
environmental pollution (Witt, 1995). 
The anthropogenic sources can be divided into two categories, stationary and mobile 
sources. The stationary sources include industrial sources (e.g. coke production, 
carbon black production, petroleum catalytic cracking and wood preservative wastes), 
power and heat generation (e.g. wood- and peat-fired power plants), incineration and 
open fires (e.g. municipal and industrial incinerators, refuse burning and forest fires) 
and residential heating (e.g. furnaces, fireplaces and gas burners). The second 
category is the mobile sources including gasoline- and diesel-engine automobiles and 
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airplanes (Bjorseth and Ramdahl, 1983; Heitkamp et al., 1988; Wilson and Jones, 
1993; Vyas et al., 1994; Ashok and Saxena, 1995; Boonchan et al., 1998; EPD, 2000; 
Juhasz and Naidu, 2000; Marquez-Rocha et al., 2000). As most of these activities are 
commonly found in Hong Kong, there is no doubt to treat PAHs as a suspected group 
of pollutants in Hong Kong. 
In 1984, the Hong Kong Environmental Protection Department (EPD) commenced 
monitoring the concentrations of the total PAHs and individual PAHs in marine 
sediments at 52 stations in ten water quality control zones and 13 stations in typhoon 
shelters (Connell et aL, 1998a and 1998b). Eight PAHs such as phenanthrene, 
anthracene, fluoranthene, pyrene and benzo[a]pyrene were reported. Furthermore, 
statistical analyses indicate that the total PAHs were widely distributed in Hong 
Kong sediments at background concentrations of 40 |ag/kg to 60 |ag/kg wet weight 
and total PAHs up to 116 |Lig/kg wet weight were detected in Victoria Harbour and 
several other areas. For air pollution, Zheng and Fang (2000) documented that 15 
PAHs were identified and quantified by gas chromatography-mass spectrometry 
(GC-MS) analysis in the total suspended particulates in Hong Kong collected from 
1993 to 1995 at six rural and urban stations. The measured contents ranged from 0.41 
ng/m^ to 48 ng/m^ with the highest average PAHs (28 ng/m^) measured at the street-
level station in Mong Kok indicating that vehicles were contributors for high 
concentrations of PAHs. 
As a whole, in spite of the relatively low concentrations of PAHs detected, these 
substances have probably caused damage to the ecosystem and significantly posed a 
risk to consumers of food harvested from the natural system, such as seafood 
(Connell et al., 1998a and 1998b). A member of PAHs, benzo[a]pyrene (CigHii), is 
one of the concerned air pollutants in Hong Kong as suggested by EPD (EPD, 2000). 
Together with this, other kinds of PAHs such as naphthalene (CioHg), phenanthrene 
(CmHio) and fluoranthene (CieHio) may also be present. Further, it is noteworthy 
that the deleterious effects are likely to be additive to those of other contaminants 
present such as polychlorobiphenyl and dichlorodiphenyltrichloroethane (Connell et 
al., 1998a). 
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Other environmental pollutants 
Besides the compounds mentioned above, wild mushrooms would still be 
contaminated by other kinds of pollutants. Pesticides may be used in countryside, 
parks or anywhere. Some of the pesticides permitting in Hong Kong contain toxic 
substances such as organophosphorus (AFCD, 2002). These pesticides would 
deposit accidentally on the mushroom, or on soil and trees and then accumulate into 
the mushrooms. In 1990，high levels of some pesticides were found in foodstuffs in 
Hong Kong. The estimated daily ingestion of these pesticides was 10 times higher 
than that found in the United States of America. Foods such as preserved eggs, fruits 
and fish had very high levels of pesticides (Ip, 1990). 
1.5.3 Toxicity of pollutants 
Most of the pollutants, either inorganic or organic, are toxic to human. Tables 1.5a 
andl.Sb summarize the toxicity of these common pollutants. Most heavy metals, 
including cadmium, lead, chromium and nickel are carcinogenic (Lu, 1996; Zalups & 
Koropatnick, 2000). Cadmium is well-known for its adverse effects on reproductive 
system while lead can damage nervous system especial of children. More than 30 
PAHs compounds and several hundreds derivatives of PAHs were reported to have 
acute toxic, carcinogenic and mutagenic effects (Table 1.5b), making PAHs the 
largest single class of chemicals with significant environmental concerns (Bjorseth 
and Ramdahl, 1983; Wilson and Jones, 1993 Kastner et al., 1998; Stapleton et al., 
1998; Gramss et al； 1999; Marquez-Rocha et al., 2000). Some derivatives of PAHs 
with certain of their hydrogen atoms replaced by methyl groups (CH3), nitro group (-
NO2) or amino group (-NH4) are even more potent carcinogens than are the parental 
hydrocarbons (Bjorseth and Ramdahl, 1983; Fetzer, 2000). 
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Table 1.3a Ambient levels of toxic air pollutants in two monitoring sites in Hong 
^•ong (Egp，20Qgj: * T E Q = ^oxic equivalent c〒en^恕。二 ！ 
Annual Average 
Toxic air pollutants  
Tsuen Wan Central/Western 
Heavy metals 
Cadmium 2.20ng/m' 1.56 ng/m' 
Hexavalent chromium 0.25 ng/W 0.22 n g W 
Lead 64 ng/m^ 51 ng/m^ 
Nickel 5.0 ng/m^ 4.6 ng/m^ 
Organic substances 
Benzene 2.44 jigW 1.46|Lig/m^  
Benzo[a]pyrene 0.32 n g W 0.21 n g W 
1,3-butadiene 0.22iig/m^ 0.16|ig/m^ 
Formaldehyde 4M[ig/w? 4.46|ig/m^ 
Perchloroethylene 0.79iLig/m^  2.67[ig/w? 
Dioxins* 0.061pgl-TEQm3 0.051 pgl-TEQm^ 
Table 1.3b Mean concentrations of heavy metals found in previous studies, .'a' was 
data from Chen et al., 1997, ‘b, represented data from Poon et al., 1999 and :c, 
represented the classification of soil level according to the China 
EPA(http://www.epa.gov.cn) 
Concentrations (mg/kg) Classification of 
” • Metals —T^——-——r~; .i i i c 
Urban playgrounds Urban soils Road dusts soil level 
“^Cd" 1.89‘ 2.18 Tertiary 
Cu 27.5 24.8 173 Secondary 
Pb 100 93.4 181 Secondary 
Zn 93 9 168 1450 Secondary L  
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Table 1.4a Toxicity, and LD50 value (Lethal dose, the amount of a chemical it took 
orally to kill 50 % of rats) of organic pollutants (Collins et al, 1991; van Agteren et 
• ^ f ^ Z ^ l ^ ， . & •Naidu 2000) ‘‘一一 , , 
Class C o m p o u n d s T o x i c i t y LD50 rat (oral 
Naphthalene carcinogenic, human 1，780 
Phenanthrene skin photo sensitizer 700 
PAHs 
Fluoranthene and mild allergen, 2,000 
Benzo[a]pyrene decreasing fertility 50 
Organophosphorus potent neurotoxic, 
Methy-parathion 14 
Pesticide mutagenic 
Table 1.4b Toxicity and corresponding safety levels of metals ( W H O , 1993; Lu， 
1996; Zalups & Koropatnick，2000) ， ^ 
Metal Major toxicity Tolerable daily Maximum 
(^g/pcrson/day) concentration 
Cadmium Hypertension, carcinogenic, 55 0.1 
hypercalcinuria, decrease 
reproductivity 
Copper Nephrotoxicity, hemolytic anemia 180 10 
Zinc Hypocupremia, R B C microcytosis, 60 150 
and neutropenia 
Lead Damage nervous system, children 75 0.5 
may exhibit hyperactivity, chronic 
renal failure, carcinogenic 
Chromium Carcinogenic, hypersensitivity, 50-200 13 
renal tubular necrosis 
Nickel Carcinogenic 50 80 
Manganese Neurotoxicity 1200 / 
Barium Cardiovascular disease 51 / 
Boron Damage reproductive system 9600 / 
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1.5.4 Accumulation of heavy metals by G, lucidum 
Many studies found that numerous fungi, such as Aspergillus niger, Lentinus edodes, 
Mortierella isabellina，Penicillium spinulosum，Pycnoporus sanguineus, Rhizopus 
arrhizus Trichoderma viride and Volvariella volvacea can absorb, transform or 
accumulate different metals (Morley & Gadd., 1995; Krantz et al., 1996; Gomes et 
al., 1998; Sayer et al., 1999; Gadd, 2000; Zulfadhly et al.，2001; Muraleedharan & 
Venkobachar, 1990; Muraleedharan et al., 1995). These studies found that 
accumulation of metals by fungi usually occur on cell surface and uptake due to 
metal adsorption. Components in metal accumulation by fungi include cell wall 
polysaccharides, cysteine-rich proteins and pigments like melanin (Siegel et al., 
1990). A study on zinc uptake by V. volvacea and L. edodes pointed out that the pilei 
(caps) contained more zinc than the stipes (stems). The caps may act as a sink 
because this area is more active in cell division than stalk tissue and thus need more 
zinc as a micronutrient (Chapman, 1994). 
The ability of G. lucidum to accumulate heavy metals has been studied. This fungus 
was found to be able to accumulate copper (Cu) efficiently (Matheickal et al., 1991). 
Furthermore, G. lucidum can take up Zn with an efficiency of greater 60%, leading to 
accumulation of >100 mug/g in fruiting bodies and >80 mug/g Zn in basidiospores 
(Tham et al., 1999). In the paper of Muraleedharan et al (1995)，G. lucidum was 
found to be the best fungus to accumulate seven different heavy metals, calcium, 
cadmium, copper, nickel, uranium and zinc, as comparing with the other 8 fungi in 
that experiment 
From the results and previous studies, it is obvious that heavy metals can be 
accumulated in G. lucidum efficiently. Together with the fact that pollutants present 
in the air, soil and dust in Hong Kong, pollutants in soil or in trees may also be 
accumulated onto the mushrooms or deposit on them from air or dust. Wild 
mushrooms collected in Hong Kong may therefore be subjected to high risk of being 
contaminated by pollutants in the environment. 
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Metal content in Ganoderma 
Tham et al (1999) investigated the metal contents in cultivated G. lucidum: Cd, 
O.Ol-O.lmug/g; Pb, l-5mug/g; M n , Cu and Zn, 10-120mug/g. In contrast, a survey 
in Czech Republic in 1997 found that the metal contents in G. applanatum collected 
in polluted areas were at a high level and significantly higher than that from 
unpolluted areas. The average contents of aluminium, cadmium, copper, lead and 
zinc were 61.6，0.82, 5.65，1.00 and 28.0 ^ ig/g respectively (Gabriel et al., 1997). The 
level of Cd and Pb of G. applanatum in these polluted areas exceeded the maximum 
permitted concentration in food as suggested by W H O ( W H O , 1993). 
1.6 Obj ectives of Study 
In this study, field collected Ganoderma lucidum in Hong Kong will be investigated 
in two approaches, biodiversity of its populations and environmental contaminations 
on them. Distribution of this fungus in Hong Kong will be investigated first. The 
individualism of G. lucidum will also be investigated in some rich collection sites. 
As there are several tree hosts, which are usually exotic species, of this fungus in 
Hong Kong, G. lucidum may be introduced to Hong Kong due to the introduction of 
different trees/ seedlings for plantation and thus come from different lineages. 
Genetic divergences in two mitochondrial genes, mt-SSU r D N A and coxS will be 
under investigation to provide information on answering this question. Furthermore, 
field collected G. lucidum are highly suspected to be contaminated or accumulate the 
toxic substances from its environment. A survey on metals and organic pollutants 
contents will also be carried out to check the safety of consumption of these field 
collected mushrooms. 
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1.7 Project Strategies 
1.7.1 Survey on distribution and collection of Ganoderma lucidum in Hong 
Kong 
Distribution of Ganoderma lucidum in Hong Kong were investigated first in this 
study. During this survey, collection was also undergone. By field observation, the 
hosts and habitats of them were recorded for providing information on further studies. 
Individualism were studied in 3 sites where had rich collection of this fungus by 
somatic incompatibility (S. 1.) test. Form this result, wide collection strategy on 
biodiversity studies of G. lucidum in Hong Kong has be deduced. One fruiting body 
was collected from each tree trunk in each site, at least one fruiting body were 
collected from each population for biodiversity studies according to their abundance. 
In this study, flingal individuals that were found in the same site without any 
geographic barriers, including roads, hills and buildings, so up to where their mycelia 
can go through was defined as a single population. 
On the other hand, 5 mature fruiting bodies were collected at 10 sites for 
contamination investigations on field collected G. lucidum in this study. Five of 
these sites were roadside sites, where are at less 2 m from a road with daytime traffic 
flows higher than 10 vehicles/min. 
1.7.2 Genetic divergences of G, lucidum mitochondrial genes 
All the isolates under this part of investigation were confirmed to belong to different 
isolates by observing the patterns produced by arbitrarily-primed PGR (AP-PCR). 
Two mitochondrial genes, mt-SSU rDNA and cox3 were chosen for this study in 
order to access G. lucidum biodiversity in Hong Kong populations and assessment of 
lineages. Genetic divergences were investigated by calculated the genetic distances 
among all the collected isolates and with the help of phylogenetic analysis. 
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1.7.3 Contaminations on field collected G. lucidum 
Two grams of longitudinal section of tissues of each wild collected fruiting body 
were used for analysis in this part. Sixteen metals and organic compounds contents 
were determined in this study to access the safety of consuming this wild collected 
fungus. 
1.8 Significance of Study 
Very few studies have been done on investigating the biodiversity of G. lucidum 
populations. This is a pioneer study to provide information on this field. Also, 
determining the lineages of G. lucidum in Hong Kong can helps to trace the 
introduction of this fungus and thus providing information on controlling this tree 
pathogen (if it is needed). 
As more and more people claimed that wild G. lucidum has higher medicinal value 
than the cultivated one, increasing number of people like to consume wild collected 
G. lucidum. The wild collection of this fungus by consumers or sellers decreases the 
abundance of wild G. lucidum in Hong Kong obviously. Furthermore, no 
information have been provided in any places on whether this wild collected fungus 
is safe to consume or not. Therefore investigation of suspected pollutants, metals 
and organic compounds, is needed to give advice on the consumption of it. The first 
part of this study would be able to access the necessity of conservation of this wild 
collected medicinal herb by investigating the biodiversity of it. While the later part 
of this study can help to conserve wild G. lucidum by discouraging people to 
consume wild collected mushrooms if the result is positive. 
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Chapter 2 Materials and Methods 
2.1 Collection of Ganoderma lucidum in Hong Kong 
Collection of fruiting bodies of G. lucidum was done from June to October from 
1999 to 2001. They were collected from 22 sites all over Hong Kong by a team 
of M s H. W . Au Yeung，W. L. Chu, W . M . Law，K. W . Cheung, Peggy Lee, 
Philip Chong, Dr. S. W . Chiu and me. Collection sites were lying on the N e w 
Territories, Kowloon Peninsula, Hong Kong Island and 3 outlying islands (Table 
2.1.1 & Fig. 2.1.1). The Chinese University of Hong Kong (CUHK), Tai Po Kau 
and Chiu Heng had a rich collection of this species. Strains of the same species 
were defined by di-mon mating with haploid testers as described by Cheung 
(2001). Therefore, more than one fruit bodies from the same locality were 
collected for studying individualism by somatic incompatibility test (as described 
in session 2.3 below) of it. The habitat and fruiting body morphologies of 
samples for molecular analysis are recorded in Table 2.1.2 and Fig. 2.1.2. 
Fruiting bodies from each of the 10 sites selected (as described in session 2.5 
below) were collected for environmental contamination study. 
2.2 Tissue Isolation 
Pure cultures were recovered from fruiting bodies by tissue isolation. Freshly 
collected fruiting bodies were first surface sterilized by 70% ethanol. The 
context tissues were taken out by sterilized forceps after removing the outer layer 
by a sterilized knife. The tissues obtained were then placed in penicillin-
streptomycin benomyl (PSB) agar plates and incubated at 25°C in darkness. 
Mycelia grew out from the tissues were picked up aseptically and transferred to 
and finally kept in mushroom complete medium (CM) plates. The media 
compositions of C M and PSB are shown in Table2.2. 
Pure cultures obtained were used in somatic incompatibility (SI) test and D N A 























































































Table 2.1.1 Sites and codes of Ganoderma lucidum collected in Hong Kong. 
District Sites Site code 
The N e w Territories Sheung Shui SS 
(12)* Luk Keng L K 
Lau Shui Heung LS 
Fan Ling L O 
Shek Kong SK 
Tai Po Kail TP 
C U H K C U 
Sheung Ching SC 
Chiu Heng C H 
Sai kung SU 
Kai Chung K C 
Tun M u n T M 
Kowloon (3) Kowloon Tong K T 
Kowloon City TC 
Mnog Kok M K 
Hong Kong Island (4) North Point N P 
Causeway Bay VP 
Aberdeen A B 
Yep Li Chau YP 
Outlying Island (3) Lantau Island LT 
Cheung Chau C C 
Tong Ping Chau PC 
* (n): Number in the blanket represent the no. of sites in a particular district. 
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Table 2.1.2 Isolates of Ganoderma lucidum collected in Hong Kong. 
. Basidiocarp Tree hosts 
otrd^ ins JT . 
Morphologies  
A D l Sessile Lophostemon confertus 
A D 2 Sessile Dead tree  
CCl Sessile Acacia confusa 
CHI Sessile Acacia confusa 
CUl Stipitate Acacia confusa 
CU2 Sessile Dead tree  
CU3 Stipitate Acacia confusa 
CU4 Sessile Dead tree  
CU5 Sessile Dead tree 
KCl Sessile Dead tree  
KTI Stipitate Leucaena leucocephala 
KT2 Sessile Acacia confusa 
LKI Sessile Acacia confusa 
LOl Stipitate Acacia confusa 
LSI Stipitate Dead tree  
LTl Sessile Dead tree  
LT2 Stipitate Acacia confusa 
L73 Sessile Acacia confusa 
M K I Stipitate Acacia confusa 
NPl Sessile Dead tree  
PCI Sessile Acacia confusa 
SCI Sessile Dead tree  
SICl Sessile Acacia confusa 
SSI Sessile Acacia confusa 
SUl Sessile Acacia confusa 
TCI Stipitate Leucaena leucocephala 
TC2 Stipitate Acacia confusa 
T M I Sessile Acacia confusa 
TPi Sessile Listea cubeba 
XP2 Sessile Dead tree 
XP3 Sessile Dead tree 
TP4 Sessile Dead tree  
XP5 Sessile Dead tree  
VPi Stipitate Acacia confusa 
VP2 Sessile Dead tree 
YCl Stipitate Dead tree  
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Fig 2.1.2 Ganoderma lucidum collected in Hong Kong under investigation. 
一 A D l A D 2 C G I C H I CUl — mmmmm 
cm CU3 CU4 CU5 KCl _____ 
KTl KT2 LKl LOl LSI 
圓•國 
LTl LT2 LT3 M K l mmmmm 
PCI SCI SKI SSI SUl mmmmm 
TCI TC2 T M l TPl TP2 
^mmmm 
TP3 TP4 TP5 VPl VP2 
YCl  
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Table 2.2 Media compositions of C M and PSB. 
Complete Medium (CM) Penicillin-streptomycin benomyl (PSB) 
MgS04-7H20 ( A J A X ) ~一“ 0.5 g/L MgS04-7H20 (AJAX) T ^ 
Peptone (LabM) 2 g/L Peptone (LabM) 
KH2PO4 (AJAX) 0.46 g/L KH2PO4 (AJAX) 
K2HPO4 (AJAX) 1 g/L Penicillin-streptomycin 6 mL/L 
(10,000unit penicillin and lOmg 
streptomycin per ml) (Sigma) 
Yeast Extract (LabM) 2 g/L Benomyl (0.1 g/lOOmL) ( S i g m a ) 5 mL/L 
Glucose (AnalaR®) 20 g/L Glucose (AnalaR吸) 10 g/L 
Agar Bacteriological Grade 15 g/L Agar (Bacteriological Grade, 15 g/L 
(Diagnolab) Diagnolab) 
Thiamin HCl (Sigma) 1 mL/L 
35 
2.3 Somatic Incompatibility Test (Worrall, 1997) 
Twenty pure cultures isolated by tissue isolation were obtained for somatic 
incompatibility (SI) test. Twelve of them were collected from CU, 3 from TP and 5 
from CH. Fig.2.3.1a to e shows the site maps of the three collection sites. The 
distance between subsites CU-A and CU-B, CU-B and CU-C, CU-A and CU-C were 
about 400m, 200m and 200m respectively. Each isolate is labeled in the figures. 
Each purified isolate was paired with the others in C M plate as shown below: 
• C M plate 
Isolate A Isolate B 
Pairing of 2 isolates, A & B 
After 1 to 2 weeks at 25°C in darkness, the plate was checked whether the two 
isolates' mycelia could grow through each other. A '+' indicates that two isolates can 
grow through each other while a、，indicates that they cannot. 
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- P i v^ / 
\ I l i CU-Ab ( .,. 
N ^ t// ， Fong y.W. bid. 
/ Pondside ^ 
ng ST. bid. 
CU-Ac > I CU-Af 
* CU-Ad * 
KEY： B I ^ ^ ^ C I ^ ^ M H 
\ Outline of trees P w w i n n llim^-iimaaMiSMilMM 
參 Fruiting body 
gr 2.3.1a Site Map of site CU-A 
*: scale bar for distance between two neighbouring sites. 
- A w W ^ S ^ B ^ ^ m 麗 Engineering Building 
KEY： j , \ • y 
\ Outline of trees • • ^ ^ ^ . Z 
Fruiting body CU-Bc 
4 0.2m 一 
Fig 2.3.1b Site Map if site CU-B (Top view) 
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University Gymnasium _i_iiii__pr~Tn—liTiT 
纖 
KEY: 
Outline of trees 
• Fruiting body Fi^ 2.3.1c Site Map of site CU-C 
1 j OL—••••~—. 
_ ^ T P a TPc 
， ^ 0.8m* 
< ~ > 
KEY: 
Outline of trees 
春 Fruiting body 
^^^ Fruiting body behind the tree 
Fig 2.3. Id Site Map of site TP 
*: scale bar between two neighbouring sites. 
38 
CHc H ^ B H 
\ a - 访 
KEY: 二 m* 
Outline of trees ^ ^ ^ 
^ ^ Fruiting body 
Fig. 2.3. le Site Map of site C H 
*: Scale bar for distance between two neighbouring sites 
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2.4 Molecular Identification 
Isolates under investigation are shown in Table 2.1.2. For those isolates with live 
cultures, mycelia on plate cultures were transferred to 100 ml liquid C M for 
incubation at 25°C for ~2 weeks with shaking at 150 rpm. Harvested mycelia were 
freeze-dried for D N A extraction. For those without live cultures, D N A s were 
extracted directly from the fruiting bodies. 
2.4.1 Extraction of DNA 
D N A s were extracted by the extraction kit NucleoSpin Plant (Macherey-Nagel). 
About 50 m g freeze-dried mycelia or fruiting bodies were grounded in the presence 
of liquid nitrogen using mortar and pestle. The powder was transferred to a tube and 
400 jiL lysis buffer (CI as described by the Kit) were added. The mixture was 
mixed thoroughly and incubated at 60。C for 30 minutes. Afterward, the mixture was 
centrifuged for 10 minutes at 13，000g. The supernatant was transferred to a new 
tube. Four hundred |iL binding buffer (C4) and 300 |LIL ethanol were added. Then 
the mixture was mixed by inverting the tube 2-4 times. This mixture was then 
loaded to a NucleoSpin Plant column with a 2 ml centrifuge tube and centrifuge for 
1.5 minutes. The filtrate was then discard. Four hundred |iL wash buffer (CW) were 
added onto the column. Then the tube was centrifuged again for 1 minute. Filtrate 
was discarded. Another 200 )iL another of wash buffer was added onto the column. 
The column was centrifuged again for 2 minutes at full speed in order to remove the 
wash buffer completely. The column was then placed in a new 1.5 centrifuge tube. 
One hundred \iL elution buffer (CE，preheated to 70。C) was added onto the 
membrane. The whole system was incubated at 70°C for 5 minutes and then 
centrifuged for 1 minute to elute the extracted DNAs. 
The D N A extracted was then checked for their quality by gel electrophoresis. 
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2.4.2 Gel electrophoresis 
One percent agarose gel (0.3 g of agarose (Ordinary Electrophoresis Grade; Beijing) 
dissolved in 30 m L of 0.5x TBE buffer) was set. One [iL loading buffer (30% 
Glycerol, 0.25% Bromophenol Blue, 0.25% Xylene Cyanole) was mixed with 2 |iL 
of each D N A sample, and 1.5 |iL of X Hindlll D N A fragments (GIBCO BRL) as 
D N A size marker was run in parallel. Samples were loaded into wells of the 
solidified gel. They were allowed to run at 88V for 45 minutes. Afterwards, D N A 
was visualized using ethidium bromide staining. Gel image was captured using a gel 
documentation system (BIORAD Gel Doc 1000). 
2.4.3 Strain authentication by arbitrarily primed polymerase chain reaction 
(APPCR) (Kwan et al” 1992) 
All of the 36 G. lucidum isolates were undergone A P P C R by using an arbitrary 
primer, M 1 3 R (5‘-CAGGAAACAGCTATGAC-3 ')• A 10 |il reaction mixture 
contained IX Reaction Buffer, 3.5 m M MgClz, 0.2 m M dNTPs, 16 p M primers, 1.5 
U Taq D N A polymerase (Thermoprime Plus), about 300 ng D N A and ultra pure 
water. The P G R mixture and the amplification conditions are summarized in Table 
2.4.1. 
The P G R products were resolved by gel electrophoresis as described in 2.4.2. The 
fingerprint patterns were then compared among all the isolates. 
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Table 2.4.1 Conditions for arbitrarily primed polymerase chain reaction. 
PCR Mixture Thermal Profile 
lOX Reaction Buffer VI 1.0 ^iL Stepl 94 2 mins 
25m MgCl2 1.4|LIL Step2 94。C 2 mins 
2.5inM dNTPs 0.8 |iL Step3 35。C 1 min 
Ultra Pure Water 5.68 |iL Step4 72。C 2 mins 
Primer G12F 0.32 jiL Steps 2-4 were repeated for 25 times 
Taq D N A polymerase 0.3 |iL Step5 94。C 1 min 
(AB gene) Step6 55 1 min 
D N A Template 0.5 [iL Step? 72 2 mins 
Total Volume 10 jiL Steps 5-7 were repeated for 10 times 
steps 72 lOmins 
Step9 4 indefinite 
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2.4.4 PGR of mt-SSU rDNA and cox3 
Specific P G R was performed prior to sequencing. The condition and composition of 
specific P G R for amplifying mt-SSU rDNA are shown in Table 2.4.2a. 
Another specific P G R was also done for amplifying cox3 gene using the same 
condition listed above except changing the temperature from 62 to 50°C in step 3. 
Amplifications of mt-SSU rDNA and cox3 were done by using respective primers by 
a thermal cycler PTC-100™ (MJ Research, Inc.)： 
Primer Pnmer Sequence* 
mt-SSU Forward “ M S ? 5 ' C A G C A G T C A A G A A T A T T A G T C A A T G - 3 ,“ 
rRNA Backward MS2" 5 ' - G C G G A T T A T C G A A T T A A A T A A C - 3 ' 
Forward C0X3-a' 5 ' - G T C A C A C T A C T C A A G T A C A A A - 3 ' 
Backward C0X3 -2。 5 ' - A A C A A C C A A A C A A C A T C T A C A A A G T G - 3 , 
*Reference source of primer sequences: a) White et al., 1990. b) Kretzer & Bnrns, 
1999. c) designed in this study. 
A total volume of 10 \iL of reaction mixture consisted IX Reaction Buffer VI, 2.5 
m M MgCli, 0.2 m M dNTPs, lOpM of each primers, 2U Thermoprime Plus Taq 
D N A polymerase (AB gene) and about 100 ng genomic D N A . P G R for each isolate 
was repeated at least once. 
The P G R products were resolved in 1.5% agarose gel using the conditions stated in 
Section 2.4.2. One |iL of P G R products and 1.5|iL D N A ladder were mixed with 1 
laL loading buffer. The marker used was GeneRuler™ lOObp D N A Ladder Plus, 
ready-to-use (MBI Fermentas). PCR-amplified fragments were further purified by 
ethanol precipitation. Four volumes of 70% ethanol with 0.1 % MgCl2 were added to 
the P G R product. The mixture was stored at -20。C overnight. The mixture was then 
centrifuged for 15 minutes. Supernatant was discarded and the pellet was allowed to 
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dry under vacuum. Eight )iL of ultra pure water were used to resuspend the dried 
pellet. 
2.4.5 Sequencing of mt-SSU rDNA and cox3 
The purified P C R product was then undergone cycle sequencing in order to increase 
product amount and label the D N A with different fluorescent dyes using D N A 
sequencing kit (PE Applied Biosystems). Conditions for cycle sequencing are shown 
in Table 2.4.2b. 
Afterwards, the products were purified by ethanol precipitation as described in 2.4.4. 
The D N A was allowed to precipitate for 2-3 hours instead of overnight in this case. 
Twelve [iL Template Suppresser Reagent (PE Applied Biosystems) instead of ultra 
pure water was added to resuspend the dried pellet in the last step. The solution was 
denatured at 95°C for 2 minutes and then quickly chilled on ice. A brief 
centrifugation was performed to collect the sample. Samples were then sequenced 
by ABI Prism 310 Genetic Analyser (PE Applied Biosystems) and processed by 
using software Sequencing Analysis version 3.0 (PE Applied Biosystems). For most 
strains, the sequences were repeated at least once from the P C R amplification to 
sequencing. Putative identification was made by homology search with Genbank 
using B L A S T function (http://www.ncbi.nlm.nhi.gov/blast/Blast.cgi). 
The sequences obtained were compared with each other. Alignment was performed 
with software, Sequence Navigator version 1.0.1 (PE Biosystems) and adjusted 
manually. 
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Table 2.4.2a Conditions for P G R for amplifying mt-SSU rDNA. 
P G R Mixture Thermal Profile 
1 OX Reaction Buffer VI 1.0|liL Stepl 94 2mins 
25m MgCl2 1.0 |iL Step2 95。C 2mins 
2.5mM dNTPs 0.8 ^ iL Step3 58 ^ C 1 min 
Ultra Pure Water 6.2 |iL Step4 把C 2mins 
Forward primer 0.2 [iL Steps 2-4 were repeated for 38 times 
Backward primer 0.2 |iL Step5 72。C lOmins 
Taq D N A polymerase (AB 0.4 |iL Step6 4°C indefinite 
gene) 
D N A Template 0.2 |LIL 
Total Volume 10 jiL 
Table 2.4.2b Conditions for sequencing of mt-SSU rDNA. 
P C R Mixture Thermal Profile 
D N A Template 2 [xL Stepl 95。C 1 min 
Primer 2 |iL Step2 95。〇 30 sees 
Ultra Pure Water 2 ^iL Step3 50 30 sees 
dRhodamine Terminator 4 |LIL Step4 70 1 min 
(PE Biosystems) 
Total Volume 10 |aL Step 2-4 were repeated for 36 times 
steps 72 lOmins 
Step6 4 indefinite 
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2.4.6 Comparison of G. lucidum complex with other Ganoderma and related 
species 
The sequences of mt-SSU rDNA and cox3 gene of Ganoderma lucidum and other 
related species were compared. Alignment was performed with software Sequence 
Navigator version 1.0.1 (PE Biosystems) and adjusted manually. 
2. 4.7 Phylogenetic analyses 
Aligned sequences' Kimura 2-parameter distance matrix was created (Nei & Kumar， 
2000). Phylogenetic trees were constructed by U P G M A (Unweighted pair-group 
method using arithmetic averages), maximum likelihood (ML) and maximum 
parsimony (MP) analysis. 
U P G M A analysis were performed by using Kimura' 2-parameter method (Kimura, 
2000). For alignment gaps and missing information, pair-wise deletion option was 
used. All the phylogenetic analyses analysis and were performed in PAUP 
(Phylogenetic Analysis Using Parsimony, Version 4.0 betaS, Swofford, 2002). M P 
trees were constructed using heuristic search algorithm and 100 random sequence 
additions were used. All the phylogenetic trees were performed with 500 
bootstrapping. 
2.5 Investigation of pollutants in Ganoderma lucidum collected in 
Hong Kong 
Investigation of pollutants in G. lucidum collected in Hong Kong was carried out at 
10 sites as shown in Table 2.5.1. 
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Table 2.5.1 Sites of collected G. lucidum from 5 roadside & 5 non-roadside sites. 
^ “ \ ‘‘ Sites z : ； “：-r �:,:::少G9d埃？二兴〉容 
_觀__穩躍腦__隱纖擦纖_____闘^  
.• C . � “ - ‘ ‘ “ • ： - �“ 卞 乂 z/。",，, 
==^ C 皿 K ^^ ^^ ^^ ~^  ^ ^ = 
Flower Market F M 
Roadside Lantau A LT-A 
Lantau B LT-B 
Kowloon Tong A TC-A 
‘ Chiu Hang OT 
Lo Yan Yuen L O 
Non-roadside Sheung Ching SC 
Tai Po Kau TP 
Kowloon Tong B TC-B 
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The 10 sites were grouped into roadside and non-roadside areas. Five fruiting bodies 
were collected from each site. The collected fruiting bodies were then freeze-dried, 
grounded into powder and kept in desiccators until use. 
2.5.1 Metal analysis 
Sixteen metals, namely: cadmium, lead, copper, zinc, barium, calcium, strontium, 
magnesium, boron, nickel, chromium, manganese, iron, germanium, sodium and 
potassium, of wild collected G. lucidum were measured. Quantitative metal analysis 
was conducted as described by A O A C (1990). All glassware was acid-treated by 
soaking them into an acid bath of 10% hydrochloric acid overnight. They were then 
rinsed with deionized water and oven-dried before use. 
2.5.1.1 Acid digestion 
One gram of freeze-dried powder of a fruiting body was added to a solution of 5 ml 
concentrated nitric acid and 1 ml concentrated sulphuric acid in a boiling tube. This 
mixture was then heated to 125°C for 4 hrs. After cooling to room temperature, 10 
ml of 10% HCl were added to the boiling tube to redissolve the metals. The solution 
was then diluted with ultra pure water to a final volume of 50 ml. The digested 
samples were filtered by Whatman no.42 filter paper and kept in a PE bottle at 4°C 
until measurement by induced-coupled plasma spectrophotometry (AT0MSCAN16 
ICP-AES, Thermo Jarrell Ash). Three replicates were done for each sample. The 
actual metal concentration in the tested solution was calculated by multiplying the 
metal concentration determined from a standard curve with dilution factor, if any. 
One gram of powdered fruiting bodies soaked with known concentration of metal 
standard also underwent acid digestion in parallel for determining the extraction 
efficiency. Five replicates were done for this. The resulting extraction efficiency 
ranged from 90.3%±0.9% to 99.8%±0.5% among the different metals examined. 
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2,5,1,2 Statistical analysis 
Five replicates were examined for each parameter. Data were presented in mean 士 
standard deviation. One way Analysis of Variance (ANOVA) was used to detect any 
significant difference among the treatments and the control if there were a number of 
cases. However, student t test was used when only two sets of data were compared. 
Grouping of significant different samples were performed by Tukey test (p = 0.05). 
Letters a, b，c and d represent the groupings from the highest to the lowest. Both 
statistical programmes were provided in SPSS (Version 10.0) software. 
2.5.2 Organic pollutant analysis 
Two grams of freeze-dried powder of fruiting bodies were mixed with 25 ml of 
dichloromethane (DCM; HPLC grade). The mixture was then sonicated in a Branson 
ultrasonic cleaner at 50 hertz for 30 mins and incubated by shaking at 200 rpm in 
darkness for 2 hrs. Afterwards, another 25 ml o f D C M were added to the powder for 
second extraction. The two portions of the D C M extracts were pooled together and 
dried by rotary evaporation at about 50。C (BUCHI Rotavapor R-114 and BUCHI 
Waterbath B-480). The residue was then redissolved in 0.5 m L of HPLC grade 
D C M , filtered by 0.45 |Lim filters (Acrodisc® C R 4-mm syringe filter with a 0.45 \im 
PTFE membrane) into a G C glass vial and stored in darkness at —20°C until further 
analysis. The samples were analyzed by gas chromatography mass spectrometry 
(GC/MS, Shimadzu GCMS-QP5050A) on HP-5MS crosslinked 5% PH M E siloxane 
column (0.25 m m x 30 m x 25 |im film thickness) to detect any organic pollutants 
especially polyaromatic hydrocarbons in them. The samples were automatically 
loaded into the column by the autosampler (Shimazu AOC-20i). Two libraries 
(Shimazu corporation, NIST 12.Lib & NIST 62.Lib) were used to match and 
putatively identify the peaks resolved in a gas chromatogram. The carrier gas was 
helium (flow rate, 50 ml min"^) and the G C operating conditions and temperature 
profile were tabulated in Table 2.5.2a & 2.5.2b (Dhawale et al., 1992; Bezalel et al., 
1996; Singh et al., 1998; Eggen, 1999; Reddy and Quinn, 1999; Schutzendubel et al., 
1999; Canet et al, 2001). 
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Table 2.5.2a G C operating conditions for analysis of G. lucidum extract. 
G C - M S D conditions Conditions 
Carrier gas High purity helium 
Column flowrate 2 mL/minute 
Column pressure 122.2 kPa 
Oven temperature 60°C 
Oven equilibrium time 1.5 minutes 
Injection temperature 250°C 
Interface temperature 250°C 
Final temperature 300°C 
Ramp temperature 8°C/minute 
Hold time 10 minutes 
Split mode Splitless 
Solvent cut 4 minutes 
Table 2.5.2b Temperature profile for GC/MS in analysis of G. lucidum. 
Oven ramp Rate Temperature Hold time Run time 
(。C/minute) (。C) (minutes) (minutes) 
Initial “ ^ ^ ~ 6 0“ ^ ^ “ O ^ “ “ ~ 
Ramp 8 300 10.0 41.5 
Post run 60 0.5 42.0 
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Determination of detection limit and extraction efficiency of some organic 
pollutants 
Different concentrations of 6 target pollutants (as stated below) were measured by 
GC/MS in order to find out the detection limits of these compounds by the 
instrument. Extraction efficiency was measured by adding a known concentration of 
the compound to 2 g of powdered fruiting bodies and gone through the same 
extraction procedure as mentioned in 2.5.2. Five replicates were done for each 
compound. 
Detection limit and extraction efficiency of the 6 target pollutants 
Extraction 
Name Detection limit (jig/g) 
Common Naphthalene 1 90.4 +2.3 
PAHs Phenanthrene 0.1 84.2 土4.1 
Benzo[a]pyrene 5 83.9±1.8 
Fluoranthene 1 88.9+2.7 
2-aminoflouranthene 5 85.2±1.1 
Pesticide Methyl-parathion 5 92.4+1.9 
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Chapter 3 Result 
3.1 Collection of Ganoderma lucidum in Hong Kong 
3.1.1 Field observation 
Fruiting bodies of G. lucidum were found on basal stems or roots of dead tree trunks 
and live trees, usually in shaded area with moderate moisture. The fruiting bodies 
started to emerge from April to October, and died in the same year. Their 
morphologies varied from site to site. Brief description can be found in Table 2.1.2 in 
Chapter 2. Detailed morphology is to be described below in section 3.1.2. 
Ganoderma lucidum was found associated with four tree species in Hong Kong. Most 
of G. lucidum isolates were collected on Acacia confusa trees which were usually 10 
years or more old. The infected trees always show dying symptoms, e.g. dying 
branches (FigS.l.la). From field observation, the infected trees would not die 
immediately after infection by this fungus. They could survive for at least three years 
after the discovery of the fruiting bodies of G. lucidum on them. 
The second tree host found was Leucacena leucocephala in site Kowloon Tong (KT) 
and Kowloon Tsai Park (KC) (Fig. 3.1.1c). Another tree host discovered was a native 
species in Hong Kong, Listea cubeba at Tai Po Kau Reserve Area (TP) (Fig. 3.1.Id). 
The fourth tree host discovered recently had been Lophostemon confertus in Aberdeen 
Country Park (AD) (Fig. 3.1.1b). Like the infected A. confusa, all these infected tree 
species showed some dying symptoms. 
3.1.2 Macroscopic characteristics 
Ganoderma lucidum were collected throughout the territories of Hong Kong (Table 
2.1.3 & Fig. 2.1.1). A fruiting primordium appeared as a mass of white tissue only 
while growing fruiting bodies were laccate, brown to reddish brown in color with a 
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younger white zone along the margin. Mature fruiting bodies had a reddish brown 
and laccate pileus, and the pileus context was brown. Some of them grew on tree 
trunks up to a height of about 2 m from ground, whereas some emerged from roots. 
Besides, some were sessile while some were stipitate with both found in the same 
infected tree. 
One specimen was also collected for Amauroderma rude, Trametes versicolor，G. 
applanatum, G. sinensis, and G. tsugae, respectively. A fruiting body of G. 
applanatum was grayish brown with a pale yellow margin along the pileus which was 
non-shiny (non-laccate) and stipitate. The context color was pale yellow. While for 
G. sinensis, its fruiting bodies were purplish red in color, laccate and stipitate and the 
pileus context was white. G. tsugae has a fruiting body morphology highly similar to 
that of G. lucidum. It is brown in color, laccate and stipitate and the pileus context 
was also brown. It is difficult to distinguish between these two species from their 
macro-morphologies. A. rude was black, non-laccate and stipitate. The pileus context 
color was darkish grey and the proportion of tube layer in a pileus was larger than that 
of G. lucidum, composing half of the basidiocarp. Moreover, the size of its 
basidiocarp was much smaller (5-10 cm in diameter) than that of Ganoderma species 
(10-30 cm in diameter). T. versicolor was sessile with smaller pore diameter and thin 
pileus trama. The upper pileus surface showed grey to white coloration from the site 
of attachment to substrate to the free margin. It was never solitary but multiple 
fruiting bodies aggregate into thin sheets. 
3.1.3 Microscopic characteristics 
A typical live culture tissue isolated from a field collected fruiting body is shown in 
Fig.3.1.2. The mycelia on the plate cultures were white in color. The hyphae were 
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Fig. 3.1.1 (a) A typical phenomenon of infected A. cunfusa found in CU, some of the 
braches died. (b) Lophostemon confertus in AD. (c) Infected Leucacena 
leucocephala in K C showing die down branches, (d) Litsea cubeba in TP. 
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Fig. 3.1.2 A pure culture of 7-day-old of one isolate (CUl) of G. lucidum. The 
mycelia are while in color and fluffy. 
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3.2 Somatic Incompatibility Test 
Twenty pure cultures were successfully isolated from field collected fruiting bodies. 
The pure cultures were all white in color with fluffy to compact mycelia. Isolates, 
which grew through the colonies of each other as if they were of the same individual 
without antagonism when paired on a plate, were regarded to be somatic compatible. 
When obvious brown boundaries were observed in the confrontation zone between 
the two colonies, they were regarded as somatic incompatible (S.L) (Fig. 3.2). 
Table 3.2 presents the result of somatic incompatibility test. Twenty isolates from the 
three sites fell into ten S.L groups. Isolates from the same or nearby tree trunk usually 
belonged to the same S.L group and thus were regarded as the same individual. All 
but except one isolate in CU-A fell into a single S.L group. All the three isolates from 
a single tree trunk in one of the C U sub-sites, CU-C site belonged to the same S.L 
group. Three isolates from CU-B fell into two different S.L groups and totally there 
were five S.L groups found in the twelve isolates from CU. All isolates from TP 
belonged to different S.L groups. Two S. I. groups were found in C H where four 
isolates belong to a single one. Isolates from distinct sites were all somatic 
incompatible. CU-Ab and CU-Af were the most distant isolates which belonged to 
the same S.L group. On the other hand, TPa and TPb were the nearest neighbouring 
isolates which belonged to different S.L groups. From the result, the maximum size 
of the territory of an individual was 6.5 m in C U and the minimum distance was 
found to be 2.1 m in TP. 
3.3 DNA fingerprints by Arbitrarily-Primed PCR 
All the 36 isolates of G. lucidum displayed different amplification profiles using 
arbitrary primer M 1 3 R as D N A fingerprints (Fig. 3.3). The fingerprint patterns varied 
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Fig. 3.2 (a) Somatic compatible mating of CU-Ab and CU-Ac. (b) Somatic 
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Q P U K D D D D ^ ： ： ^ U H H l ^ O c / ^ H H H a & j 
(a) (b) 
u u S s S u Q S g g g g g s I g 
1500bp 
(c) (d) 
Fig.3.3 Gel electrophoresis photographs showing arbitrarily primed polymerase 
chain reaction (AP-PCR) products of Ganoderma lucidum collected in Hong Kong 
by an arbitrary primer M13R. The first lane in each gel photographs (a), (b) and (c) 
and (d) is G e n e R u l e r ^ M (loObp D N A Ladder Plus, ready-to-use; M B I Fermentas). 
The brighter band is 500 bp in length. 
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3.4 Sequencing of mt-SSU rDNA region of G. lucidum and related 
species 
Thirty-six isolates of G. lucidum collected in Hong Kong were examined for their 
mt-SSU rDNA. Besides, four other Ganoderma and related species (Amauroderma 
rude, G. applanatum，G. sinesis and Trametes versicolor) were included for analysis 
in parallel. 
3.4.1 Genetic variability in mt-SSU rDNA region of G. lucidum 
From the amplification mt-SSU rDNA，all P G R products showed single band of size 
about 550bp (Fig. 3.4.1). For all the isolates under investigation, about 493bp of mt-
SSU r D N A region of the G. lucidum was determined by sequencing. All the 36 
isolates of G. lucidum belonged to 6 genotypes (with H m as the initial for the 
grouping) (Table 3.4.1a). The base composition for partial mt-SSU r D N A sequences 
is shown in Table 3.4.1b. The average base composition for partial mt-SSU r D N A 
sequences of the collected G. lucidum (excluding the outgroups) was: 35.0%A, 
23.6%T, 15.2%C and 20.6%G. 
The mt-SSU r D N A type sequence of group H m l is shown as below: 
5 ‘ - A A A T C A T A G A A T T T A T T A A A A T T C A T G A T G T C G T A A G G G A A A A T A A T G A T A A T A C C T T A C T A T G A 
G T G T C G T C C A A A T C T G G T G C C A G A A G A C T C G G T A A G A C C A G A G A C G C A A A C G T T A A T C A T C A T A A A C A 
G G C G T A A A G G G T T T G T A G G C A G C T T T T A T A A A G A T A G A T A A A A A T C T A A A T T G A A A G C T A G A A T C A A A 
A A G A G G T T A T A G T G T A T A A . C G C C T A G A G G A G G G C T G A T A T C C A T A G A T C C T A G G C A G A A T A C T C A G G G 
C G A A G G C C A C T C T C C A C T A A T G A T T G A C G C T G A G A A A C G A A G G T T A G G G T A G G A A A T A G G A T T A G A T A 
C C C C G G T A C T C C T T T C T G T A A A C G A T G A A T G G T A G T C A T T A G T T T T A A A A A T A A C T A G A G G C G A A G T T 
A A C A C A A T A A C C A T T C C G C C T T G T G A G T A C T A C T G C A A A G T A G A A A A C A A A A A A A T T A G T C G G T C T C G 
A A G C A A A C G G A G T G A A G C A T - 3 ‘ 
Eighteen (3.7%) base differences were found in at least one of the isolates within this 
region and 11 (2.2%) of them were parsimony informative sites. Apart from 
nucleotide changes, there were 8 (1.6%) sites that have at least one isolates showing 
insertion/deletion changes. 
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The percentage sequence divergences between the 6 H m genotypes and the 
outgroups were calculated by Kimura’ s 2-parameter method (Nei & Kimura, 2000) 
(Table 3.4.3). The percentage divergences between the 6 H m genotypes ranged from 
0.21% (between H m 3 and H m 6 ) to 2.9% (between H m l and Hm6; H m 2 and Hm6). 
3.4.2 mt-SSU rDNA region of G, lucidum and other related species 
Sequences of the mt-SSU r D N A region of the four G. lucidum related species, A. 
rude, G. sinensis, G. applanatum and Coriolus versicolor were also obtained. 
As shown in Fig. 3.4.1，the P C R products sizes of mt-SSU r D N A of the 4 related 
species were similar to that of G. lucidum (about 550bp). About 526 bp of the mt-
SSU r D N A region were determined from these four species by sequencing. Total 69 
(13.5%) base differences were found within this region and also 24 (4.7%) of them 
were parsimony informative sties. Apart from nucleotide changes, there were 25 
(4.9%) sites in which at least one isolates showed insertion/deletion changes. Main 
variations between species were insertions at the base region from 168 to 198 found 
with the sequences of the outgroups. 
The inter-species genetic divergences among the four related species and G. lucidum 
were higher than those between the G. lucidum isolates. The average genetic 
divergences between G. lucidum and other two Ganoderma species, G. applanatum 
and G. sinensis, were 2.7% and 4.3% respectively. These three Ganoderma species 
showed relatively small intra species distances within the same genus. One of the 
non-Ganoderma species, A. rude, like the two Ganoderma species, showed only 
average 4.0% differences with G. lucidum. Another non-Ganoderma species, T. 
versicolor, had the largest differences from G. lucidum, 6.0% on average. 
3.4.3 Phylogenetic analysis of mt-SSU rDNA region 
U P G M A analysis of mt-SSU rDNA was performed based on the Kimura's 2-
parameter distance. Fig. 3.4.2 shows the U P G M A tree of mt-SSU rDNA sequences 
with bootstrapping of 500 replicates. Branches with bootstrap values of more than 
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50% are shown in the figure. Heuristic search of maximum parsimony (MP) analysis 
of the partial sequence of mt-SSU rDNA region was also performed. Fig. 3.4.3 
shows the consensus tree of M P analysis with the bootstrap values from 500 
replicates. A 50% majority-rule consensus M P tree produced the same topology with 
consensus M P tree and was not shown here. 
Maximum likelihood (ML) analysis of partial sequence of mt-SSU rDNA region was 
also generated (Figs 3.4.4 & 3.4.5). Trees generated from M P and M L showed 
similar tree topologies, with main differences from that of U P G M A in resolving 
genotypes H m 2 and Hm5. From these trees, together with the estimated genetic 
divergence calculated by Kimura's 2-parameter, the 36 collected G. lucidum isolates 
of Hong Kong are grouped into 2 groups as shown in Table 3.4.4a. Genotypes Hml, 
Hm4, H m 2 and H m 5 form one group. They are further divided into two sub-groups, 
one consisting of H m l and H m 4 and the other consisting of H m 2 and Hm5. H m 3 
and H m 6 fell into another distinct group. The average percentage differences 
between the 2 groups calculated by Kimura's 2-parameter are shown in Table 3.4.4b. 
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(a) (b) 
(C) ( d ) 
Fig.3.4.1 Gel electrophoresis photographs showing P G R products of mt-SSU rDNA. 
The first lane of photographs (a), (b) and (c) and the fifth lane of photograph (d), 
respectively, are G e n e R u l e r ™ lOObp D N A Ladder Plus, ready-to-use (MBI 
Fermentas). Isolates named starting from lane 2. (a) ADl, AD2, CCl, CHI, CUl, 
CU2，CU3, CU4，CU5 and KCl (b) KTl, KT2, LKl，LOl, LSI, LTl, LT2, LT3, 
M K l and NPl (c) PCI, SCI, SKI, SSI, SUl, TCI, TC2, TMl，TPl and TP2 (d) A. 
rude, G. sinensis, G. applanatum, Trametes versicolor, marker, TP3, TP4, TP5, VPl, 
VP2andYCl. 
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Table 3.4.1a Grouping of isolates with different genotypes in the mt-SSU rDNA 
region. 
Genotypes Isolates Number of isolates 
CCl，CU2，CU3, K C l , KT2, LOl, LT3, M K l , 
H m l 15 
SSI, SUl, TCI, TC2, TMl, VPl and YCl 
AD2, c m , CU4, CU5, KTl, LKl, LTl, LT2, 
H m 2 11 
NPl, SKI andVP2 
ADl, SCI and TPl 3 
H m 4 CUl and LSI 2 
H m 5 PCI, TP2 and TPS 3 
TPS and TP4 2 
Table 3.4.1b Base composition of partial mt-SSU rDNA. 
Nucleotide compositions 
Genotypes A T C G A+T 
“ ^ 16.2 22.1 61.6 
H m 2 37.0 24.4 16.7 22.0 61.4 
H m 3 36.9 23.8 16.8 22.5 60.7 
H m 4 37.7 23.8 16.5 22.0 61.5 
H m 5 37.1 24.7 16.3 21.8 61.8 
H m 6 36.9 24.0 16.8 22.3 60.9 
A. rude 36.3 25.2 16.5 22.0 61.5 
G. applanatum 35.8 25.3 16.6 22.4 61.1 
G. sinensis 36.5 25.0 16.7 21.8 61.5 
T. versicolor 36.4 ^ ^ 61.4 
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Table 3.4.2 Estimates of genetic divergence based on Kimura's 2-parameter method 
in partial sequences of mt-SSU rDNA. Data are expressed as percentage. 
Genotypes i — l 5 ^ 7 8 9 ^ 
1 H m l 
2 H m 2 0.4 
3 H m 3 2.1 2.1 
4 H m 4 0.6 1.0 2.1 
5 H m 5 1.2 0.8 2.7 1.6 
6 H m 6 2.3 2.3 0.2 2.3 2.9 
7 A. rude 3.8 3.6 5.3 4.0 4.0 5.5 
G. 
8 applanatum 2.7 2.3 4.0 2.7 2.5 4.2 4.2 
9 G. sinensis 4.2 4.0 5.3 3.8 4.2 5.5 6.0 5.3 
10 T. versicolor 6.0 5.5 6.9 6.4 5.6 7.1 7.8 6.8 9.3 
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Fig. 3.4.2 A U P G M A tree of G. lucidum and related species based on the partial 
sequence of mt-SSU rDNA region. Number on branches represent the bootstrap 
values of 500 replicates. Bootstrap values less than 50 are not shown. 
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— H m 3 
Hm6 
Hm2 
— ： Hm5 
G.applanatum 
— G. sinensis 
— — T. versicolor 
A.rude 
Fig. 3.4.3 Consensus of maximum parsimony tree of G. lucidum and related species 
based on the partial sequence of mt-SSU rDNA region with consistency index = 0.81 
and retention index = 0.41. Numbers on branches represent the bootstrap values of 
500 replicates. Bootstrap values less than 50 are not shown. 
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Fig. 3.4.4 Maximum likelihood tree of G. lucidum and related species based on the 
partial sequence of mt-SSU rDNA region. Numbers on branches represent the 













Fig. 3.4.5 Consensus of maximum likelihood tree of G. lucidmu and related species 
based on the partial sequence of mt-SSU rDNA region. Numbers on branches 
represent the bootstrap values of 500 replicates. Bootstrap values less than 50 are not 
shown. 
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Table 3.4.3a Groupings of G. lucidum according to the result of mt-SSU rDNA 
region. .厂 , 
GroupsGenotypes Isolates Number of Isolates 
H m l & H m 4 C C l , CUl, CU2，CU3, KCl, KT2，17 
LOl, LSI, LT3，MKI, SSI, SUl， 
TCI, TC2, TMI, VPI, and YCl 
lb H m 2 & H m 5 AD2，CHl，CU4，CU5, KTI, LKI，14 
LTl, LT2, NPl, PCI, SKI, TP2, 
TPS and VP2 
n H m 3 & H m 6 ADl, SCI, TPl, TP3 and TP4 5 
Table 3.4.3b Average percentage differences in the partial mt-SSU rDNA region 
among the 3 groups calculated by^mura's 2-parameter. ,  
la 0.48+0.14 
lb 0.70±0.40 0.57±0.38 
n 2.17±0.10 2.80±0.11 0.11±0.11 
A. rude 3.74土0.14 4.02+0.00 5.41+0.12 
G. applanatum 2.54±0.21 2.5±0.00 4.09±0.12 
G . sinensis 4.06±0.14 4.2±0.00 5.40土0.12 
T. versicolor 5.85±0.29 5.55±0.00 6.98土0.13 
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3.5 Sequencing of cox3 region 
Besides the mt-SSU-rDNA region, all the thirty-six isolates of G. lucidum together 
with the four related species (G. applanatum, G. sinesis, G. tsugae and Trametes 
versicolor) were examined for their coxS. G. tsugae was used as another outgroup 
instead of A. rude as there was no amplification product by the set of primers used. 
3.5.1 Genetic variability in cox3 region of G, lucidum 
From the amplification of coxS, all P G R products showed single band of size about 
550 bp (Fig. 3.5.1). For all the isolates under investigation, 480 bp of cox3 were 
determined by sequencing. All the 36 isolates of G. lucidum belonged to 6 
genotypes as shown in Table 3.5.1a. The base composition for partial coxS 
sequences is shown in Table 3.5.1b. The average base composition for partial cox2 
sequences in Hong Kong collected G. lucidum isolates (excluding the outgroups) was 
31.7%A, 37.0%T, 14.3%C and 17.0%G. _ Sixty-five (13.5%) base differences were 
found within this region and 60 (12.5%) of them were parsimony informative sties. 
There were no insertion/deletion changes within the sequenced coxS region among 
the Hong Kong collected G. lucidum isolates. A type sequence of genotype Hcl is 
shown below: 
5 ‘ - G A A G T A T T T G C A T T C T T A T C T G T A T T C T G G G C A T T C T T C C A T T C A A G T T T A A G T C C A A G T G T G G A 
A A T T G G A G G A G T A T G G C C A C C A C A A G G T A T A G A A G C A T T A T C A G C A T T T G G A A T A C C A C T A T T A A A T A 
C T T T C T T A T T A T T A A G T A G T G G G T C A A C T A T A A . C T T A T G G A C A C C A T G C T C T A A T T A A A G G A G A T A G A 
A A A A A A G C T A T T A T A G G T G G A T T A T T A A C T A T A A T C T T A G C T A T T G T T T T C A C T G C T T T A C A A T A T G T 
T G A A T A T T T T A A T G C T A C A T T T A C T A T A A C A G A T T C A G T A T T T G G G A C A A C A T T C T A T G C T T C A A C T G 
G T T T A C A T G G G A T C C A T G T G A T A A T T G G G A C A A T C T T T A T C A C A G T A G G T T T C T T T A G A A T A A T C A A T 
T A T C A T T T A A C T A A T A G T C A C C A T A T T G G A T A T G A A G C A A G T A T C T T A T A C T G G C A C T T T G T A G A T G T 
T G T T T G G - 3 ‘ 
The percentage sequence divergence between the 6 genotypes and the outgroups was 
calculated by Kimura's 2-parameter (Nei & Kimura，2000) and reported in Table 
3.5.3. The percentage sequence divergences between the 6 genotypes ranged from 
0.2% (between Hcl and Hc4) to 13.4% (between Hcl and Hc6). 
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3.5.2 cox3 region of G, lucidum and other related species 
Sequences of the cox2 region of four G. lucidum related species, G. tsugae, G. 
sinensis, G. applanatum and Trametes versicolor were also obtained. As shown in 
Fig. 3.5.1, the P G R product sizes of cox3 region of the 4 related species were the 
same as those of G. lucidum isolates, about 550 bp. Also 480 bp of the coxS region 
were determined by sequencing. Total seventy-one (14.8%) base differences were 
found within this region and also 63 (13.1%) of them were parsimony informative 
sties and no insertion/deletion changes within the sequenced coxS region among all 
the species. 
The inter-species genetic divergence among the four related species and G. lucidum 
was similar with those of intra-species groups of G. lucidum, ranging from 0.0% 
(between Hc2, G. sinensis and G. tsugae) to 13.9% (between Hcl and T. versicolor) 
as shown in Table 3.5.3. The partial coxS sequences of G. sinensis and G. tsugae 
were even identical as that of Hc2. Another Ganoderma species, G. applanatum 
differed from the 6 G. lucidum genotypes with 3.4% (differed from Hc2) to 12.2% 
(differed from Hc6) in the sequenced cox2 region. The divergence among T. 
versicolor and G. lucidum was also not large when comparing with the inter-species 
divergence. The divergence among this species and Hc5 and Hc6 was only 1.1% and 
0.4% respectively. 
3.5.3 Phylogenetic analysis of cox3 region 
U P G M A analysis of cox2 was performed based on the Kimura's 2-parameter 
distance. Fig. 3.5.2 shows the U P G M A tree of coxS sequences with bootstrapping of 
500 replicates. Branches with bootstrap values of more than 50% were shown. 
Heuristic search of maximum parsimony (MP) analysis of the partial sequence of 
coxS region generated 3 most-parsimonious trees. Fig. 3.5.3 shows the consensus 
M P tree with the bootstrap values from 500 replicates. A 50% majority-rule 
consensus M P tree produced the same topology with consensus M P tree and is not 
shown here. 
Maximum likelihood (ML) analysis of partial sequence of coxS region was also 
generated (Figs. 3.5.4 & 3.5.5). All trees generated from U P G M A , M P and M L 
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showed similar tree topology. From these trees, together with the estimated genetic 
divergence calculated by Kimura's 2-parameter, the 36 Hong Kong collected G. 
lucidum isolates can be grouped into 3 groups with ingroup distance less than 1.6% 
as shown in Table 3.5.4a. Genotype Hcl and Hc4 fell into one group with ingroup 
distance value of 0.1%, while Hc5 and Hc6 fell into another group. Hc2 and Hc3 
were grouped together with the largest ingroup distance, 1.5% and they were further 
sub-grouped into group Ila & nb (Table 3.5.4b). 
Besides Ganoderma applanatum, all the other 3 outgroups fell into the 3 groups of G. 
lucidum. G. tsugae and G. sinensis had fell into Group II with no base differences 
between them while T. versicolor could also fell into Group III with only 0.7% 
average difference between them. 
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• b p — 
(a) (b) 
(c) (d) 
Fig.3.5.1 Gel electrophoresis photographs showing P C R products of cox3. The first 
lane of photographs (a), (b) and (c) and (d) is loaded with G e n e R u l e r ^ M loobp D N A 
Ladder Plus, ready-to-use (MBI Fermentas). Isolates named starting from lane 2. 
Label the lanes (a) ADl, AD2, CCl, CHI, CUl, CU2, CU3, CU4 and CU5 (b) KCl， 
KTl, KT2, LKl, LOl, LSI, LTl, LT2, LT3, M K l andNPl (c) PCI, SCI, SKI, SSI, 
SUl，TCI, TC2, TMl, TPl and TP2 (d) TP3, TP4, TPS, VPl, VP2, YCl, G. tsugae, 
G. sinensis, G. applanatum and Trametes versicolor. 
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Table 3.5.1a Genotypes of isolates according to cox3 sequences. 
‘ Genotypes Isolates Number of isolates  
CUl, CU2, CU3, KT2, KCl, LOl, LSI, LT3, 
Hcl 
M K l , SSI, TCI, TC2, TMl, VPl and YCl 
A D 2 , CHI, CU4, CU5, KTl，LKl，LTl, LT2, fl 
Hc2 
NPl, SKI and VP2 
Hc3 ADl, SCI, TPl, TP3 and TP4 5 
Hc4 CCl and SUl 2 
Hc5 TP2 and TPS ^ 
* One or more base differences will cause an isolate to fall into different genotype 
groups. 
Table 3.5.1b Base composition of partial cox3. 
Nucleotide compositions (%) 
Genotypes A T C G A+T 
H ^ S I J ~ i 4 j 6 ItI ^ 
Hc2, G. sinensis, G. tsugae 32.5 36.7 14.0 16.9 69.2 
Hc3 32.3 36.9 14.0 16.9 69.2 
Hc4 31.9 36.3 14.6 17.3 68.2 
Hc5 30.8 38.1 14.4 16.7 68.9 
Hc6 30.4 38.5 14.4 16.7 68.9 
G. applanatum 32.9 36.5 14.2 16.5 69.4 
T. versicolor 30.4 38.5 14.4 16.7 68.9 
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Table 3.5.2 Estimate of genetic divergence based on Kimura's 2-parameter method 
in partial sequences of coxZ. Data are expressed as percentage.  -
Genotypes 1 2 3 4 5 6 7 
IHcl 
2Hc2, G. sinensis, G. tsugae 3.2 
3Hc3 3.2 1.5 
4Hc4 0.2 3.4 3.4 
5Hc5 12.7 12.2 12.4 12.4 
6Hc6 13.4 12.9 13.2 13.2 0.6 
7 G. applanatum 4.7 3.4 4.5 4.5 11.5 12.2 
8 T. versicolor 13.9 13.4 13.7 13.7 1.1 0.4 12.7 
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G.applamtum 
~ H c 5 
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Fig. 3.5.2 A U P G M A tree of G. lucidum and related species based on the partial 
sequence of cojc3 region. Number on branches represents the bootstrap values of 500 
















Fig. 3.5.3 A consensus parsimony trees of G. lucidum and related species based on 
the partial sequence of cox3 region with consistency index of 0.95 and retention 
index of 0.97. Numbers on branches represent the bootstrap values of 500 replicates. 
Bootstrap values less than 50 are not shown. 
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「 H c 1 
Hc2, G. sinensis, 








Fig. 3.5.4. A maximum likelihood tree of G. lucidum and related species based on the 
partial sequence of cox2> region. Numbers on branches represent the bootstrap values 












； G. applanatum 
Hc5 
— — Hc6 
— T.versicolor 
Fig. 3.5.5. A consensus of maximum likelihood tree of G. lucidum and related 
species based on the partial sequence of cox3 region. Numbers on branches 
represent the bootstrap values of 500 replicates. Bootstrap values less than 50 are not 
shown. 
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Table 3.5.3a Groupings of G. lucidum according to the result of cox?> region. 
Groups Genotypes Isolates Number of isolates 
1 Hcl & H c 4 CUl, CU2, CU3，KT2，KCl, LOl, 17 
LSI, LT3, M K l , SSI, TCI, TC2, 
T M l , VPl, YCl, CCl and SUl 
Ea Hc2 AD2, CHI, CU4, CU5, KTl, LKl, 11 
LTl, LT2, NPl, SKI and VP2 
nb Hc3 ADl, TPl, TP3, TP4 and SCI 5 
m H c 5 & H c 6 PCl,TP2and TPS 3 
Table 3.5.3b Average percentage differences in the partial cox3 region among the 3 
groups calculated by Kimura's 2-parameter. 
‘ ‘ ‘ . . » S / X > - % / � > ‘ , « i < ‘ ^ -ntt , " „ ‘ T T ' T , ' < " t y 
I Ila Db m 
0.0±0.1 
Ea 3.2+0.1 0.0±0.0 
nb 3.2 土 0.1 1.5±0.0 0.0±0.0 
m 13.0 土 0.4 12.6+0.4 12.8+0.4 0.6+0.0 
G. applanatum 4.7±0.1 3.4±0.0 4.5±0.0 11.8土0.5 
Trametes versicolor 13.9±0.1 13.4±0.0 13.7±0.0 0.7±0.4 
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3.6 Metal content of field G. lucidum 
Metal contents of the field collected G. lucidum fruiting bodies are summarized in 
Table 3.6.1. Contents of six heavy metals, cadmium, copper, lead, chromium, zinc 
and nickel were plotted (Fig. 3.6.1). 
Fruiting bodies in all sites contained cadmium much greater than the permitted 
concentration，0.1 |ag/g (Fig. 3.6.1a). The minimum cadmium content measured was 
0.41 土0.14 |ag/g in site CH, which was also four times higher than the standard value. 
Samples collected from C U had a cadmium level of 2.84+0.11 |ag/g, which was even 
more than 28 times higher than the standard value. 
Among the five roadside sites, only one possessed lead content within the permitted 
concentration, 0.5 |ag/g (Fig. 3.6.1b). Fruiting bodies collected in the other four 
roadside sites had 0.51±0.67 i^g/g (CU) to 2.12±2.39 i^g/g (TC-A) lead in them. 
These were up to 4 times greater than the permitted value. Even though in non-
roadside sites, fruiting bodies collected in two of them (LO and TC-B) also had lead 
content greater than the permitted value (0.63±0.63 |Lig/g and 1.89土0.94 |ag/g 
respectively). The minimum lead level was found in SC，with an average content of 
0.36±0.60 |ig/g. 
Similar to the case of cadmium, the average copper contents of fruiting bodies 
collected in the ten sites all exceeded the maximum permitted concentration values 
ranging from 10.6土7.7 |ag/g in SC to 37.8±8.7 |Lig/g in F M (Fig. 3.6.1c). The average 
copper contents in CU, LT-A, TC-A，LT-B and TC-B all were at least two times 
higher than the permitted concentration while the average content in F M was even 
3.7 times higher than that. 
Unlike the above four metals, all the average values of zinc contents in the ten sites 
did not exceed the maximum permitted concentration, 150 |Lig/g (Fig. 3.6.Id). The 
highest value was 92.5+48.0 |Lig/g in SC and the lowest value was just 27.8±12.7 
|ag/g in LT-B. 
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Besides cadmium, lead and copper, fruiting bodies collected from F M also exceeded 
the chromium maximum permitted concentration, 13 jiig/g. Average concentration of 
chromium content in F M was 20.06+20.87 jiig/g (Fig. 3.6.1e). The other nine sites 
only contained 0.30±0.14 |ig/g (CH) to 10.25±5.71 |ig/g (LT-A) of chromium. 
Nickel contents in field collected G. lucidum in Hong Kong were far below the 
maximum permitted concentration, 80 |ig/g. Fruiting bodies contained most nickel 
was in F M , which contained 5.03±5.03 ^ ig/g of it while fruiting bodies in TP only 
had 0.08±0.11 ^ig/g of it (Fig. 3.6.1f). 
Differences of metal contents of fruiting bodies between collected from roadside 
and non-roadside sites 
Table 3.6.2a shows the differences of the nine metal contents of fruiting bodies 
collected from roadside and non-roadside sites. From the result of T-test, roadside 
fruiting bodies contained higher contents of Cd, Cu, Zn, Ni, Cr and B than those of 
non-roadside significantly while the contents of Pb, Ba and M n did not have any 
significant differences among them. 
Contents of other metals and a valuable metal, germanium 
The mean contents of iron, sodium, magnesium and strontium in the fruiting bodies 
collected are: 146.0±149.8 |ag/g, 150土 172 pg/g, 473±269 jiig/g and 5.08+4.09 |Lig/g 
respectively, as shown in Table 3.6.3. The field collected G. lucidum has high 
contents of two essential metals, potassium and calcium. The mean concentration of 
potassium was the highest among all the metals measured, 7138+2440 |Lig/g while 
that of calcium was 1348土999 |ag/g. 
A claimed common metal found in G, lucidum, germanium, however, could not be 
found in most G. lucidum fruiting body samples collected from the field. Only half 
of the sites from where fruiting bodies collected contained this metal. The 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Cadmium content in field collected G. lucidum 
3.5「a 
^ 3 b b.c 
I 2.5 - i T b.c 
i 2 i 。 丄 y 
善 1.5 - • 圓 。 圓 c c 
I 1 - | 1 X • 。 丄 。 ， _ 
0 • I _ I _ I r^  I BI li I n , lii IM ： lIi , 
C U F M LT-A LT-B TC-A C H LO SC TC-B TP 
Site 
(a) 




H r I II 
0 — I 8 I m I I • I 丄 I m I I _ I 丄 , 
C U F M LT-A LT-B TC-A C H LO SC TC-B TP 
Site 
(b) 
Fig. 3.6.1 Metal contents in G. lucidum collected in 10 sites, (a) cadmium, (b) lead. 
Alphabets at top of bars represent grouping after One-Way-ANOVA and Tukey Test 
at 5% probability. Lead contents among the 10 sites show no significant difference 
by the results of One-Way-ANOVA Test. 
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Cadmium content in field collected G. lucidum 
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(d) 
3.6.1 (con't) Metal contents in G. lucidum collected in 10 sites, (c) copper, (b) 
zinc. Alphabets at top of bars represent grouping after One-Way-ANOVA，and 
Tukey Test at 5 % probability. 
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Nickel content in field colleceted G. lucidum 
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Fig 3 6.1 (con't) Metal contents in G. lucidum collected in 10 sites, (e) chromium (f) 
^ckel. Alphabets at top of bars represent grouping after One-Way-ANOVA and 
Tukey Test at 5 % probability. 
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Taple 3.6.2a A comparison of 9 toxic metals of G. lucidum collections from roadside 
and non-roadside sites. 
Metals Mean concentrations (jiig/g) 
Roadside Non-roadside 
Pb 0.90±1.25 0.76±0.85 
Cu 28.3±9.9* 15.0±6.3 
Zn 67.4±32.7* 35.7±13.6 
Ba 10.06±19.25 8.31±19.03 
Ni 1.94±2.88* 0.35±0.63 
Cr 7.83±11.93* 1.02+2.32 
、 一 
M n 15.2±8.1 13.3土10.2 
B 15.63±19.88* 4.27±6.56 
A ‘*，marks the category of higher values at p〉0.05 by Student t-Test. Each data is 
represented by the mean 士 standard deviation of five replicates. 
Taj^ le 3 6 2b The average contents of 16 metals of G. lucidum fruiting bodies 
gg^ggted from ten sites in Hong Kong. Five replicates were collected from one site. 
‘\4etals Mean concentrations (jiig/g) 
B 9.95±15.73 
B A 9.18±18.96 
Ca 1348土 999 
Cd 1.09±0.88 
Cr 4.42±9.18 
C U 21.7±10.6 
Fe 146.0 土 149.8 
Ge 0.14±0.46 
K 7138土2440 
M g 473±269 
M n 14.2±9.2 
Wa 150+172 
Ni 1.15 土 2.21 
Pb 0.83±1.06 
SR 5.08 土4.09 
^ 51.5±29.5 
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3.7 Organic pollutants in field collected G. lucidum 
Fig 3.7.1 shows a GC/MS chromatogram revealing the retention times of a mixture 
of five PAHs and one pesticide. A typical GC/MS composition profile of G. lucidum 
fruiting bodies is presented in Fig. 3.7.2. Peaks of compounds were putatively 
identified based on their M S spectra. The fruiting bodies of G. lucidum contained 
abundant ergosterol (and derivatives) and carboxylic acids such as tetradecanoic acid 
and octadecadienoic acid. Other commonly encountered compounds were 
hydrocarbons. 
GC/MS chromatograms of all fruiting bodies did not show any peaks of the six 
suspected pollutants nor other suspected organic pollutants. Thus no organic 
pollutants were found in any of the G. lucidum samples collected in Hong Kong. 
90 
<D 
U 11 . 
I i IV 
1 50- iii V vi 
(D I 
^ 0 . I,  
， ‘ I .A • . K - • y. ”. ，，,•  
12.5 ^ ^ — 
Retention Time fmirf) 
Pe吐 ^ Retention time (min) 
1 Naphthalene “ — ‘ 
ii Phenanthrene 18 6 • • • 
m Methyl-parathion 21.0 
iv 2-aminofluoranthene 22 3 
V Fluoranthene 23 1 
vi Benzo[a]pyrene j 
Fig. 3.7.1 A GC/MS chromatogram of a mixture of five PAHs and a pesticide and 
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，.3.7.2 A typical GC/MS chromatogram of dichloromethane extract of 
Ganoderma lucidum fruiting bodies and putatively identified peaks. 
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Chapter 4 Discussion 
4.1 Collection of Ganoderma lucidum in Hong Kong 
4.1.1 Differentiation of G, lucidum and related species in the G, lucidum species 
complex 
According to literatures (Adaskaveg & Gilbertson, 1986 & 1988; Chang and Mao, 
1995; Moncalvo & Ryvarden，1997), there is a group of complex of Ganoderma 
species sharing highly similar morphological features. Ganoderma lucidum, the 
target species of this study, belongs to this species complex, G. lucidum complex (or 
genus Ganoderma subgenus Ganoderma). Recorded by Chang and Mao (1995), 
there are totally 12 members of G. lucidum complex, which are commonly called Zhi 
in Hong Kong. Some members of this species complex are differentiated by their 
colors (variety: red, reddish brown, brown or purple). Another distinguishing 
character of the members is the presence or absence of the stipe. G. sessile, which 
was described as Zhi without stipe, is one of the members of this complex. Another 
member, G. lucidum, was characterized by its presence of stipe. G. tropicum, is 
brown in color with other morphologies highly similar to the those of other members 
but is found near tropical trees such as Acacia. However, in our field studies, both 
Zhi with or without stipe were present in the same site (Fig. 4.1). Furthermore, the 
color of the cap would change according to different developmental stages and 
different environment (Adaskaveg & Gilbertson，1986; Moncalvo et al., 1995; Chiu 
et al, 2000). 
Adaskaveg and Gilbertson (1986) discovered that a monokaryon of the stipitate 
isolate of a fruiting body was found to be interfertile with another monokaryon of the 
sessile isolate in two members of G. lucidum complex. Furthermore, mycelia 
collected from sessile fruiting bodies were able to produce stipal fruiting bodies 
when growing on wood blocks or sawdust cultures (Adaskaveg & Gilbertson, 1986; 
Chiu et al, 2000). This result proves that they belong to the same biological species. 
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Therefore, proliferation of name may be a problem in this complex and some 
Ganoderma species are not easily distinguishable. In order to confirm that all the 
isolates being examined in this study all belong to the same species, a classical 
flmgal genetics test, di-mon mating test, was used. 
From the results of di-mon mating test carried out by m y labmate (Cheung, 2001), all 
the fruiting bodies bearing bright red, brownish red or deep red pilei with or without 
stipe collected in sites planted with or without tropical trees such as Acacia confusa 
in Hong Kong under examination are sexually compatible with at least one of the 
two compatible monokaryotic testers of G. lucidum. Thus, in this basis，all of them 
should belong to the same species, G. lucidum. 
Another two members of G. lucidum complex, G. sinensis and G. tsugae, cannot be 
differentiated from G. lucidum solely by macroscopic features. But by the help of di-
mon mating test, these two fungi, together with the other three outgroups, G. 
applanatum, A. rude and Trametes versicolor, were all incompatible with all of the 
monokaryons of G. lucidum, proving that they belong to different biological species. 
4.1.2 Field observation 
From this study, fruiting bodies of G. lucidum are usually kidney or conk shape, with 
leathery and shiny caps. The color of caps can be brown, reddish brown to bright red 
according to their developmental stage and environment. Fruiting bodies are found 
more abundant at dead tree trunks in shaded areas with moderate moisture. These 
conditions are most suitable for this fungus to grow. Shaded areas can let more 
fruiting bodies to emerge and mature perhaps as a result of less interruption from 
human. When the tree was first infected, few fruiting bodies could emerge from it. 
Few years later, a good crop of multiple fruiting bodies was observed from the dying 
or dead tree. It may be due to the immune system to withstand the infected fungus. 
Gradually the tree becomes weaker and weaker, more and more fruiting bodies could 
be found. This might be because more fungal hyphae would grow inside the hosts. 
They degrade plant tissues to obtain nutrients for growth and fruiting. Furthermore, 
the fungal hyphae would block the transportation of water and nutrients in the host 
with the ramifying of the fungal pathogen in the stele tissues of the host plant 
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(Cheung, 2001). On the contrary, dead trees totally loss the defense ability, not 
preventing the fungus to grow freely. 
Ganoderma lucidum is usually found on the stumps, roots of trees near the soil 
interface. The stipe may be present or absent. The hosts in Hong Kong include 
introduced species Acacia confusa, Leucacena leucocephala and Lophostemon 
confertus and native species, Litsea cubeba. The most common one is A. confusa. It 
may be due to the abundant plantation of this tree in Hong Kong as it has a strong 
ability to survive in adverse environment. However, a number of the tree hosts could 
not be identified as they are highly decayed losing many of the macroscopic features 
commonly used for tree identification. 
4.2 Biodiversity of populations of G. lucidum in Hong Kong 
4.2.1 Individualism of G. lucidum 
From the results of somatic incompatibility (S.L) test of 20 isolates collected in Hong 
Kong, individualism of G. lucidum was studied. There were totally 10 S.L groups 
resulted from the 20 isolates from three sites. From the results of C U and CH, it can 
be concluded that isolates from the same tree trunk usually belonged to the same S. 1. 
group，which in turns belonged to the same individual. Nearby tree trunks may 
contain the same or different individual(s) of G. lucidum. Isolates from three 
different tree trunks in TP, all belonged to different S.L groups. This result provides 
information on the collection strategy of G. lucidum in this study. As a tree trunk 
usually only has an individual of G. lucidum, one fruiting body from a tree trunk 
should be enough for population studies. On the contrary, fhiiting bodies from 
nearby tree trunks may or may not be of the same strain (belonging to the same S. L 
group). Therefore, fruiting bodies should be collected from each tree trunk even if 
they are very close to each other. This collection strategy can obtain informative 
samples with minimum harm to the natural G. lucidum populations. 
In a study of Ganoderma in oil palm plantation in Malaysia (Miller et al., 1999)， 
different individuals could be found in the same palm in most cases. In only one case 
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isolates of the same S.L group were recovered from neighboring palms. However, 
isolates of the same S.L group could be recovered from the nearby trees in many sites 
in m y study. Furthermore, the maximum size of the territory of an individual was 
6.5 m in C U and the minimum distance was found to be 2.1 m in TP. In most cases, 
one individual of G. lucidum colonized a tree host. The same individual was found 
in nearby trees as verified by S. I. Test. When comparing this data with that in the oil 
palm plantings, G. lucidum in Hong Kong was found to have greater territories. The 
maximum territory size of an individual Ganoderma species in the oil palm 
plantation was 9 m , and the minimum territory was smaller than the size of a tree 
which was found in most cases (Miller et al., 1999). Thus, G. lucidum in Hong Kong 
is found to be more aggressive. The difference might be owing to the difference in 
reproduction strategy. A soil-bome fungus could have a large territory (e.g. 
Armillaria gallica infecting trees through rhizomorphs occupies an area of 150,000 
2 • 
m ； Smith et al., 1992). Yet when a fungus reproduces using depressive means 
(offspring spread by sexual spores, and thus individuals in a population can be 
unrelated genetically), it usually has a small territory (Chiu et al., 1999). A spatial 
and genetic data in the field will reflect the life strategies of the fungus under 
investigation. Unlike the Ganoderma species examined in Miller et al. (1999) 
research, mycelia of G. lucidum in Hong Kong might spread from one tree to the 
nearby trees through soil or spread by direct root-to-root contact between trees. G. 
lucidum in Hong Kong was found to spread and scavenge in soil forming 
pseudostrands (Cheung, 2001). Baiting with branches of a monokaryon was 
successful in recovery of dikaryotic mycelia of G. lucidum when buried in soil of 5 
sites where fruiting bodies of G. lucidum were collected (Chiu et al., unpublished 
result). 
4.2.2 Genetic variability in mt-SSU rDNA region of G, lucidum 
Thirty-six isolates of G. lucidum also fell into 6 different partial mt-SSU rDNA 
sequences. This region has higher A+T than C+G contents (62.1%) on average. 
However, this value is relatively small when compared with other fungal 
mitochondrial genes which usually have 70-80% of A+T content. Total base 
differences found in this region, 3.7%，were smaller than those in cox3 (to be 
discussed below) between all the 36 isolates of G. lucidum in Hong Kong. Trees 
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generated from M P and M L show slight difference from that o f U P G M A (Figs. 3.4.2, 
3.4.3，3.4.4 & 3.4.5). The main differences of topologies were the positions of H m 2 
and H m 5 in the three trees. These two genotypes were grouped in a main clade 
together with H m l and H m 4 (bootstrap value = 86)，and a sub-clade was further 
produced by H m l and H m 2 (bootstrap value = 68) in U P G M A analysis. However, 
in trees of M P and M L , H m l and H m 4 were grouped in the same clade while H m 3 
and H m 6 were grouped into another one. H m 2 and H m 5 were singled out from the 
other four genotypes (bootstrap value = 59 and 55 in M P and M L trees, respectively). 
In all of the three trees, only H m 3 and H m 6 have been grouped into the same clade 
consistently. As concluded, 5 isolates of H m 3 and H m 6 belonged to a group, named 
GMII while all the other 21 isolates belonged to another group named G M L G M I 
isolates have an average genetic distance of 2.5% from G M H isolates. 
Although divergences along the mt-SSU r D N A region were not large in most cases 
of fungi, there was still 2.5% difference between G M I and GMII. This provides 
evidence that isolates of GMII may belong to another lineage from that of GMI. The 
small sequence divergence in mt-SSU r D N A region was sufficient to resolve all of 
the six genotypes of G. lucidum. The four genotypes in G M I could be further 
grouped into two sub-groups. H m l and H m 4 can be differentiated out from H m 2 
and H m 5 in both M P and M L trees (bootstrap value = 59 and 55 respectively). 
However, this result is not strongly supported from the bootstrap values (59 & 55 in 
M P and M L trees respectively) and the genetic divergence between these two 
genotypes and other G M I isolates were relatively small (only 0.7%). Further 
evidence should be obtained in order to support this grouping. 
Comparison of gene divergences of mt-SSU rDNA from other studies 
Intra-species divergence of the mt-SSU rDNA gene sequences in other fungal species 
has also been studied and was found to be relatively small as compared with another 
gene in this study. In the study of Pryor and Gilbertson (2000)，no variability in the 
mt-SSU r D N A gene sequences were found among three isolates of different 
Alternaria species. The genetic differences between Alternaria and related species 
were only 9 % from their study. The mt-SSU rDNA genetic sequence divergences 
between species Neonectria were found to be 2.3 to 7.4% in another study (Mantiri 
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et al, 2001). Only 3.1% differences in mt-SSU rDNA region have been found 
among the Gihberella fujikuroi and Fusarium oxysporum species complexes 
(O'Doimell and Cigelnik, 1997). The divergence of mt-SSU rDNA region in this 
study was similar to those in other fungi. The maximum sequence difference was 
2.9% among all the isolates of G. lucidum in Hong Kong, while the sequence 
differences among the three Ganoderma species were 2.5 to 6.0%. Average genetic 
divergences of two Ganoderma related species, Amauroderma rude and Trametes 
versicolor, were 4.0% and 6.0% respectively, showing larger divergences than that 
between the genus Ganoderma. 
Hibbett and Donogheu (1995) have investigated mt-SSU rDNA region in family 
Polyporaceae, including two G. lucidum isolates. In their study, two G. lucidum 
came out in two different groups, each grouped with species of other polypores, i.e. 
they were unexpected divergent from each other. Attempt has been made to include 
these two sequences for phylogenetic analysis. However, they were also found to be 
too divergent from the G. lucidum collected in Hong Kong. The average divergences 
of each of them from the G. lucidum in this study were 3.1% and 9.1% respectively, 
which were larger than the intra-species values of G. lucidum collected in Hong 
Kong. This value was even higher than that between G. applanatum and G. sinensis 
with G. lucidum. As species differentiation between G. lucidum and the related 
species could be confused easily (Moncalvo et al., 1995a), these two isolates may or 
may not be of the same species of G. lucidum in Hong Kong. As no further 
information other than the strain numbers are provided from the literature, their 
sequences were excluded from this study. 
4.2.3 Genetic variability in cox3 region of G. lucidum 
Thirty-six isolates of G. lucidum fell into six different partial coxS sequences. 
Similar to the mt-SSU rDNA region, this region has higher A+T than C + G content, 
68.6% on average. However, it is a little bit smaller than other fungal mitochondrial 
genes which were found in other studies. Total 13.5% base differences were found 
in this region among all the 36 isolates of G. lucidum in Hong Kong. From the 
phylogenetic results, these 36 isolates can be divided in three groups with significant 
different genetic distances from each other (Table 3.5.4b). All the three trees from 
> 
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three analyses, U M G M A , maximum parsimony (MP) and maximum likelihood (ML), 
show similar topologies (Fig. 3.5.2，3.5.3，3.5.4). Here tree from M P was taken for 
discussion. Seventeen of them could be grouped into a group, named GCI， 
consisting of Hcl and Hc4 (bootstrap value = 100)，16 isolates belonged into GCII 
(bootstrap value = 90) and the rest three belonged to GCm (bootstrap value = 100). 
Very few population studies have been carried out on cox3 region of fungi, and no 
matched sequences of the similar size have been found from the GeneBank. Thus 
the discussion focuses on the intraspecific variation of the determined G. lucidum 
cox3 sequences in this study and the other species chosen as outgroups in this study. 
Genetic variability in the coxS region between GCI and II was 3.2%, which were 
placed into two distinct clades by phylogeny analysis. This difference between 
isolates in GCI and II may probably be accounted for by the difference in lineages. 
Mitochondrial genome is uniparentally inherited with little chance of recombination; 
Resulting isolates from the same lineage would have little variability in the 
mitochondrial genome (Coenen et al., 1996). Ingroup difference of GCI was nearly 
zero (0.0 土 0.1 o/o), showing that they may possibly come from the same lineage 
group. GCII consisted of two genotypes, Hc2 and Hc3 which had relatively larger 
genetic difference, 1.5%. This moderate level of divergence may be just due to some 
natural processes such as recombination or mutations, or it can also be resulted from 
two distinct lineages. 
On the other hand, as compared with other mitochondrial genes, such as mt-SSU 
r D N A above, the gene diversities between GCIII (isolates PCI, TP2 and TPS) and 
the other two groups in this region are relatively large. The genetic distances 
between GCI and II and other Ganoderma species, G. sinensis, G. tsugae and G. 
applanatum were found to be smaller than that of GCIII isolates. Furthermore, from 
the tree of M P analysis, GCIII isolates were singled out from all the other 
Ganoderma species under investigation (bootstrap value 二 100). This large 
difference may be a supportive evidence of speciation of the GCIII isolates (Kasuga 
et al., 1999; Taylor et al., 2000). Although all these 36 isolates have been proved to 
belong to the same biological species by di-mon mating test (Cheung, 2001)，the 3 
isolates in GCIII having so large divergences (12.8% on average) from the other G. 
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lucidum isolates may have undergone speciation, and the rate of sequence divergence 
does not match with the rate of establishing sexual barrier (Taylor et al., 2000). In 
this case, cryptic phylogenetic species can be used to describe this phenomenon 
(Kasuga et al., 1999; Taylor et al., 2000; Bidochka et al., 2001). 
4.2.4 Lineages of G, lucidum collected in Hong Kong 
Considering both results oicox3 and mt-SSU rDNA gene sequences, Hong Kong G. 
lucidum isolates, except PCI, TP2 and TP5, could be divided into three groups 
(Table 4.2). Most probably, they belong to three lineages. Although the 
differentiation between Group II and Group III was not obvious enough from the 
results of cox3 region (both genetic distance and phylogeny studies), this can be 
compensated with the great sequence divergences and the well-resolved clade from 
phylogeny analysis of the mt-SSU rDNA region. Also, Group I and Group II were 
described as two separate lineages as they showed great gene divergences in coxS 
region and were well resolved from phylogeny analysis of this region even though 
they only have small difference. Studying these two genes provided sufficient 
information to resolve all the isolates of Hong Kong collected G. lucidum isolates 
and helped to answer the question on their lineage relationship. The locations of 
Group III isolates were all in well conserved areas or country parks, TP (Tai Po Kau 
Nature Reserve Area in New Territories East region), SC (Tai Lam Country Park in 
New Territories West region) and A D (Aberdeen Country Park in Hong Kong 
Island), where relatively smaller degree of reforestation have taken place. TP and SC 
were even two of the most native forest reserves in Hong Kong (Dr. Yip, Hong Kong 
Herbarium, Agricultural, Fishery and Conservation Department, personal 
communication). Strain TPl was found on a native species, Listea cubeba. 
Unfortunately the tree hosts of other isolates, strains TPS, TP4 and SCI, were not 
recognizable. Furthermore, the seedlings of an exotic species Lophostemon 
confertus had been bought from Australia to Hong Kong for reforestation before 
1930s. Since then no more seedlings were imported since seeds are collected locally 
from the grown-up trees to germinate into seedlings for further use in Hong Kong 
(Dr. Yip, Hong Kong Herbarium, Agricultural, Fishery and Conservation 
Department, personal communication). Thus, the host of ADl, L. confertus, may 
have its own long history in Hong Kong before they were infected by this fungus. 
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Therefore Group III isolates found in these sites may be the native G. lucidum strain 
in Hong Kong. Tree hosts of Groups I and II were usually Acacia confusa and 
Leucaena leucocephala, which are exotic species from tropical America, Taiwan and 
the Philippines. These exotic plants may carry the fungus, G. lucidum, into Hong 
Kong, acting as the introducers of this tree pathogen. This can help explain why G. 
lucidum in Hong Kong, such a small place (-ISOOW), would have great variability 
resolving to different lineages. 
Distribution of three different lineages in Hong Kong 
These three groups, which most probably be three lineages, are widely distributed in 
Hong Kong (Fig. 4.2). In some sites, more than one lineage groups could be found. 
Two isolates from A D , K T and VP belonged to two different groups, while 2 isolates 
from LT also belonged to Group II and the other belonged to Group I. Both Group I 
and II could be found in C U where is rich in G. lucidum. Another site, TP where 
trees were heavily infected by this fungus contained isolates from Group III and the 
newly found cryptic phylogenetic species. Group I is the dominant group of G. 
lucidum in Hong Kong. 
No geographic distribution specificity could be observed among the 3 lineages. The 
wide distribution of these three groups of G. lucidum may possibly due to the early 
infection of the hosts at the age of seedlings before transplanting into the sites. 
Furthermore, from the result of S.L test, G. lucidum has high ability to defend their 
territories; each of them can protect their own territories from invading by other 
individuals. Isolates from very nearby tree hosts could belong to another lineage 
group. 
4.2.5 Cryptic phylogenetic species 
Three isolates, PCI, TP2 and TPS had unexpected large sequence divergences from 
the other G. lucidum isolates in the coxS region. As discussed before, they may be 
undergoing speciation, and up to now, they could be recognized as a cryptic 
phylogenetic species (Taylor et al., 2000). This phenomenon is further supported by 
the result of ITS sequence analysis. Previous studies have found that ITS region in G. 
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lucidum has relatively small divergence, < 2 % intra-species divergences (Moncalvo et 
al., 1995a). Cheung (2001) had determined the ITS region of most isolates in this 
study. Her result also shows that SCI and TP2 have unexpected high divergences 
(up to 6.4% in ITSl and 7.2% in ITS2) from other G. lucidum isolates. On the other 
hand, PCI, TP2 and TP5 did not have obvious genetic differences from other G. 
lucidum isolates in the mt-SSU r D N A sequence and were grouped with others in 
GMIb by the phylogenetic analysis of this region (Figs 3.4.2，3.4.3, 3.4.4 & 3.4.5). 
The different results between mt-SSU r D N A region and the other two genes may be 
because cox3 and ITS region of these isolates evolve at faster rates than that of mt-
SSU r D N A and the general lower divergences in this region. Also, their mating 
abilities, together with their morphologies, suggest that they belong to the same 
biological species. These three special isolates could not be recognized as a new 
species by biological or morphological species concept but were obviously grouped 
into a new group from the analysis of three genetic loci, cox3，ITSl and ITS2. 
Therefore, they could be described as cryptic phylogenetic species. 
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4.3 Contamination of field collected Ganoderma lucidum in Hong 
Kong 
4.3.1 Metal contents in field collected G. lucidum in Hong Kong 
Sixteen metal concentrations, including nine potential toxic metals, were measured in 
this research. Fruiting bodies from each sites contained different amounts of 
different metals. These results may be related to their dwelling environments as 
environmental contamination or biomagnification of metals might have taken place 
by G. lucidum individuals. 
4.3.1.1 Metal contents of G. lucidum fruiting bodies collected at each site 
Roadside sites 
G. lucidum fruiting bodies collected from C U (The Chinese University of Hong 
Kong) had the highest cadmium concentration, 2.84 ^ g/g which is 28 times higher 
than the permitted concentration, 0.1 jig/g. The contents of other toxic metals were 
not extraordinarily higher or lower than the other sites. Beside cadmium, levels of 
lead and copper were.51 i^g/g and 27.6 |ig/g respectively. Fruiting bodies found in 
this site also exceed the safety level of 0.5 |Lig/g and 10 |Lig/g, respectively. They 
were collected just next to a main road in C U H K where a number of vehicles (the 
school bus and others) frequently passed by and was next to the railway station and a 
university school bus terminal. Exhausts from these vehicles may deposit on the G. 
lucidum fruiting bodies directly or first sunk into the soil, then being bioaccumulated 
onto the mushrooms. Besides exhausts, fertilizers and chemical wastes may also be 
the sources of contamination in this site. 
F M (Flower Market in Kowloon Peninsula) in a very busy district where has heavy 
traffic with many human disturbances. The main activity there is the retail industry 
of and open sale of pot plants, cut flowers and horticulture materials in the Territory. 
G. lucidum fruiting bodies there contained too much Cd, Pb, Cu and Cr. All were 
above the permitted concentrations for food. The average Cd content of fruiting 
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bodies from F M (1.81 \ig/g) is the second highest among all sites. The Cu, Cr, Ni 
and Zn concentrations in them are the highest among the ten sites. According to a 
study in 1999 (Poon et al., 1999), the Cd, Cu, Pb and Zn contents (4.42 |ig/g, 210 
|xg/g, 168 |ag/g and 2226 |xg/g, correspondingly) in roaddust at Junction Road (the 
road just next to F M ) were relatively higher than those at other roads. These results 
reflect how worst the contamination of heavy metals in this site. Thus, metal 
contaminations at F M may probably due to heavy vehicle exhausts and air deposition 
of dust. 
LT-A and LT-B are two sites near the main road of an outlying island (Lantau Island) 
and LT-B is located in the entrance of Lantau Country Park. According to Poon et al 
(1999)，the concentrations of Cd, Cu, Pb and Zn in soil collected from Lantau 
Country Park were 0.14 i^g/g, 4.48 |ag/g, 5.46 |Lig/g and 53.34 i^g/g respectively. 
Comparing with other parks, these four metals were at the medium levels, reflecting 
that contamination in these sites were not serious. Like CU, many heavy vehicles 
frequently use this road as it is the main route connecting the N E and N W sides of 
the Lantau Island. The increasing usage by heavy vehicles in recent years is due to 
the rapid development of new town and infrastructure demands including the new 
Hong Kong International Airport opened in 1997 and the future Disneyland in 
Lantau Island. Together with all other sites, fruiting bodies collected from both sites 
had Cd and Cu (Fig. 2.6.1a & c) concentrations higher than the permitted levels. 
Furthermore, the Pb content in fruiting bodies from LT-A (0.53 |ig/g) also exceeds 
the permitted concentration of 0.5 pg/g. Except Cu and Zn, metal concentrations in 
fruiting bodies from both sites were not extraordinarily higher than those of the other 
sites. 
TC-A and TC-B are two sites in an urban area, while TC-A is just near the entrance 
of a very busy tunnel where TC-B is at an inner area. Besides Cd and Cu, the 
concentrations of Pb in the fruiting bodies collected from TC-A also exceed the 
permitted concentrations in food. Fruiting bodies from TC-A have the highest Pb 
concentration among the 10 sites. Heavy traffic near this site may probably be the 
main source of Pb and Cd contaminations. 
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Non-roadside sites 
C H is located inside a country park (Chiu Heng, an assigned area for ecotour, 
agriculture display). The environment there is relatively clean with little disturbance 
from human. Although the Cd content in the fruiting bodies from this site exceeded 
the permitted concentration, it was the lowest among the 10 sites, 0.41 i^g/g. 
Chromium content was also the lowest, only 0.30 |Lig/g. However, similar to many 
other sites, in addition to Cd, the copper and lead contents in fruiting bodies from this 
site also exceed the permitted concentrations. The contamination may be from the 
traffic far away from this site, which would be sunk in the soil and accumulated in 
the mushrooms. Or the fungus shows a specificity towards cadmium for 
bioaccumulation (Lee & Ghiu, unpublished result). 
L O is located inside a low density residential area (Homes for the Aged, Fanling). 
Like CH, the fruiting bodies from this site contained Pb, 0.63 ^ ig/g, slightly higher 
than the permitted concentration. Other toxic metals' concentrations, B, Zn, Cr and 
Ni in the fruiting bodies from this site all belonged to the lower categories among the 
10 sites. 
The environment at another site in country park, SC (Sheung Ching in Tai Lam 
Country Park), is very clean with even fewer human disturbances as compared with 
C H as this site is not easy to reach. Therefore this site is very remote from human 
disturbance and transportation. Despite the levels of Cd and Cu are still higher than 
the permitted concentrations, the contents of five toxic metals, Cd, Cr, Pb, Cu and Zn 
in the fruiting bodies from this site were the least among 10 sites. 
TC-B was near to TC-A (collected from Kowloon City) but further away from the 
main road. Contents of all metals, except Cd, in these two sites show no significant 
differences from the results of Student t-Test. Greater distance away from the main 
road may be the reason for the lower Cd concentration in the fruiting bodies in this 
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site. However, as this site is also located in an urban area, human disturbance may 
still be great, and it is susceptible to different kinds of contaminations. 
TP is a well-managed reserved area (secondarily woody forest typical of a 
subtropical climate; Tai Po Kau Nature Reserve), thus having the least human 
disturbance among the all sites under investigation. The low toxic metals 
concentrations in the mushrooms collected from this site reflect the relative clean 
environment. Cr and Ni contents were the lowest in the fruiting bodies collected 
from this site. However, mushrooms there have an unexpected high concentration of 
Cd, (1.44 ^ g/g). The source of this toxic metal is unknown. 
Differences between roadside sites and non-roadside sites 
Among the nine toxic metals, six of them have significant differences between the 
fruiting bodies collected from roadside and non-roadside area. They were Cd, Cu, 
Zn, Ni, Cr and B. The contents of Cd, Cu and Zn in the mushrooms collected from 
roadside sites were more than two times of those collected from non-roadside sites. 
Concentrations of Ni, Cr and B in the roadside collected fruiting bodies were 5.5, 7.8 
and 3.6 times of non-roadsides collected samples. The high exposure to the vehicle 
emissions, industrial wastes and human disturbance may be the reason of this 
difference. These results suggest that G. lucidum collected from roadside areas are 
more heavily contaminated than those from non-roadside areas. 
4.3.1.2 General discussion of metals 
Toxic metals 
Several metals' concentrations in the fruiting bodies collected from at least one site 
were higher than the maximum permitted concentration in food (WHO, 1993a & b). 
They were cadmium, lead, copper and chromium. 
World Health Organization (WHO, 1993a) suggested that cadmium level in food 
should not be higher than 0.1 ^ g/g. However, all fruiting bodies collected from all of 
the ten sites have cadmium level greater than this value. Mushrooms from some sites, 
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including C U , FM，TC-A and TP have concentrations more than 10 times higher than 
the permitted value. Average concentration of Cd in G. lucidum fruiting bodies is 
1.09 |ig/g. Main sources of cadmium are atmospheric deposition of vehicle exhausts 
and industrial activities. Also, fertilizers and disposal of Cd containing chemicals 
such as batteries are other possible sources. Since 1950s, the Cd concentration in 
soils in Hong Kong is increasing generally, from 1.5 ^ ig/g to 2.18 |ig/g (Poon et al, 
1999). Contamination of Cd in soil becomes more and more serious. Field collection 
of G. lucidum fruiting bodies may face an even higher risk of contamination by Cd. 
Another roadside pollutant lead was also found in field collected G. lucidum. Only 
three out of the ten sites have mushrooms with Pb concentrations lower than the 
permitted concentration in food, 0.5 |ig/g. Mushrooms collected from a site with 
heavy traffics, TC-A, contained 2.12 \ig/g ofPb, which was more than 4 times of the 
permitted concentration. Similar to Cd, the sources of Pb are mainly from the 
emission of vehicles. Furthermore, fruiting bodies collected from some non-roadside 
sites also contained too much Cd and Pb, This may be due to the ability of this 
mushroom to bioaccumulate this two metals (Muraleedharan et al., 1995) and the 
dispersion of these roadside pollutants by wind. 
Besides cadmium, all G. lucidum fruiting bodies collected from all sites also have 
copper level higher than the maximum permitted concentration, 10 ^g/g ( W H O , 
1993a). Five sites, CU, LT-A, LT-B，TC-A and TC-B's copper levels exceeded the 
permitted concentration more than two times. The main source of Cu is from 
industrial activities. Although Hong Kong has not much factories, G. lucidum has 
the ability to bioaccumulate this metal from a low level of source up to a toxic level 
(Muraleedharan & Venkobachar，1990; Muraleedharan et al., 1995). 
The study of Poon et al. in 1999 showed that Zn was the most abundant heavy metal 
in the soil in Hong Kong, with concentrations ranging from 109 to 175 i^g/g. 
However, none of the fruiting bodies collected contained Zn exceeding 150 |ig/g, the 
permitted concentration in food. Results of this study show that wild collected G. 
lucidum fruiting bodies were clean without much of this metal. The relatively low 
level of Zn in this mushroom may be due to lower bioaccumulation ability of this 
metal when comparing with other metals. 
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Overall Cr contents in G. lucidum collected in Hong Kong did not show serious 
problem. Only fruiting bodies collected from F M contained chromium (20.06 |xg/g) 
exceed 13 jig/g, the permitted concentration. The extra high content of Cr in this site 
may be due to the application of fertilizers and disposal of Cr containing waste. 
Besides, all fruiting bodies collected have nickel contents far below the maximum 
permitted concentration, 80 |ig/g. These results reflect that this mushroom is also 
clean from Ni. 
Other metals 
Beside some toxic metals, field collected G. lucidum also contained many different 
kinds of nutritional metals, including calcium, iron, potassium, magnesium, sodium. 
They contained large amounts of calcium and potassium (1348+999 \ig/g and 
7138+2440 iig/g respectively). 
A claimed precious metal which have anti-oxidant effect and found in herbs 
including G. lucidum, germanium, however, could not be found in most of the field 
collected G. lucidum. Only half of the sites contained fruiting bodies that contain this 
metal at a low concentration (0.17 juig/g to 0.54 |ag/g). This was also reported by 
Chiu et al (2000). 
The metal concentrations of fruiting bodies collected from the same site have great 
variations. This phenomenon may be resulted from several reasons. Different 
microenvironments around each fruiting body may affect the exposure of it towards 
pollutants. Fruiting bodies shaded by the plants around them may be less exposed to 
the air pollutants and human disturbances. Although mature fruiting bodies were 
selected for this analysis, there may still be differences in age among them. Finally, 
the duration to accumulate pollutants may also be different. 
4.3.1.3 Consumption of field collected G. lucidum fruiting bodies 
The contents of several metals in the field collected G. lucidum did not exceed the 
permitted values, also the maximum permitted concentrations of toxic metals have 
111 
not been announced. Another parameter to reflect the safety of consuming food 
containing these metal is by comparing the maximum daily intake of the target metal 
with the corresponding metal contents in the food. 
Maximum intake of G. lucidum 
According to the tolerable daily intake of several metals suggested by W H O , the 
suggested daily intake of wild collected G. lucidum is then calculated by the 
following equation and shown in Table 4.1: 
. . Tolerable daily intake of metal per person  
Suggested daily intake - ^^^^ concentration of metal in collected fruiting bodies 
For different metals, different suggested values on daily intake of this mushroom will 
be resulted (Table 4.1). Yet among these, the minimum suggested daily intake per 
person is 1.2 |ig/day with reference to the zinc content in the fruiting bodies. The 
maximum suggested daily intake is 964.38 jig/day as referred to boron content. 
About 100 — 10,000 m g (lOOmg as recommended for Ganoderma extract in several 
brands of products in the market and 2-10 g Ganoderma fruiting body slices for 
making a soup) of G. lucidum fruiting bodies are usually consumed at each time. 
Thus the consumed amount is much higher than the maximum suggested daily intake 
of this mushroom. Although not all the metal contents in the fruiting bodies could be 
absorbed by consumers, it is still not safe to consume the locally-collected G. 
lucidum fruiting bodies as the metal contents were too high according to these 
standards. 
4.3.2 Comparison of metal contents between field collected Hong Kong G. 
lucidum with other mushrooms collected from other places 
Several previous studies have measured the metals contents in cultivated G. lucidum. 
Results from these study showed that this mushroom is most subjected to the hazard 
of Cd. In the study of Tham et al (1999), the Cd contents in the cultivated G. 
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lucidum were less then 0.15 |xg/g, which was about ten times lower than the field 
collected in Hong Kong. Besides Cd, the concentrations of Zn in the cultivated fungi 
(Loi et al, 1993; Tham et al., 1999) were also only half of the content of the field 
collected samples in Hong Kong. However, the Cu contents in the cultivated G. 
lucidum varied from studies to studies. Loi et al (1993) measured only 2-3 ^ g/g of 
Cu in the G. lucidum cultivated on sawdust of rubber trees in Vietnam while Tham et 
al measured 26-33 |ig/g Cu in G. lucidum cultivated on four different substrates, 
which was at the same level of those collected in Hong Kong. Another heavy metal, 
Mn's concentrations in the cultivated mushrooms in these studies were similar to that 
in field collected in this study (〜15 |xg/g). In conclusion, the general metal contents 
of heavy metals in the cultivated G. lucidum are lower than those collected from 
various sites in Hong Kong. However, the quality of products varies from site to site, 
and also the Cu contents in the cultivated mushrooms in Tham's study also exceed 
the permitted concentration of food as suggested by the W H O , metal contents of this 
mushroom for consumption should be under monitored. 
Another study on heavy metal contents in field collected wood-decaying fungi in 
polluted areas in Czech Republic (Gabriel et al., 1997) was carried out. The Cd, Cu 
and Zn levels in mushrooms collected from polluted areas in Czech Republic were 
very similar to that in the G. lucidum collected in Hong Kong, but with a much 
higher contents of Pb (0.83 i^g/g in Hong Kong & 4.97 ^ ig/g in Czech Republic). 
The study also found that Ganoderma applanatum, which is a G. lucidum related 
species, contained more Cu but fewer Pb when comparing with other wood-decaying 
fungi collected from the same sites. The relative lower concentration of Pb in G. 
lucidum in Hong Kong may be due to the exclusion of this metal and the fewer 
exposure to Pb than that collected in Czech Republic, that means Hong Kong is not 
so serious of Pb contamination. Leadfree diesel has been implemented in Hong 
Kong since 1980s, the atmospheric Pb concentration in the environments has been 
kept at a very low level since that time, so Hong Kong is less contaminated by this 
metal. 
4.3.3 Survey of organic pollutants in field collected G, lucidum in Hong Kong 
113 
Although air and soil in Hong Kong are obviously contaminated by different kinds of 
organic pollutants such as PAHs and residues of pesticides (Comiell et al., 1998a and 
1998b; EPD, 2000)，none of them have been evaluated in G. lucidum fruiting bodies 
collected in field of Hong Kong before. However, none of the corresponding peaks 
for these pollutants were detected in GC/MS chromatograms of the extracts of G. 
lucidum. 
The absence of organic pollutants of this field collected fungi may be due to several 
reasons. Firstly, G. lucidum has some exclusion mechanisms on some of these 
organic compounds, so that these cannot sorb onto the fruiting bodies. Even though 
the organic compounds can deposit in this mushroom, they may be degraded into 
non-toxic compounds by this fungus. Numerous fungi including Coriolopsis gallica 
(Pickard et al., 1999) and Pleurotus ostreatus (Bezalel et al., 1996) have been found 
to degrade PAHs by different kinds of compounds such as laccase, lignin peroxidase 
(LiP), manganese peroxidase (MnP) and other H202-producing peroxidases (Eggen， 
1999; Novotny et al； 1999; Pickard et aL, 1999). Although the ability of G. lucidum 
to degrade PAHs has not been studied yet thoroughly, the enzymes responsible for 
the degradation of these compounds could also be found in G. lucidum. Thus, this 
mushroom may have the ability to degrade the organic pollutants if encountered. 
Another possible cause may be the too low concentrations of these organopollutants. 
However, the detection limit of organic pollutants in the method used in this study 
can be as low as 0.1 to 1 ppm for some of the PAHs and the extracts of G. lucidum 
had been concentrated 4 times. Furthermore, several extraction methods have been 
tried and the best one which has the highest ability to determine the suspected 
organic pollutants was chosen for this study. Nevertheless, PAHs have been found in 
other mushrooms by the same extraction and detection method (Luk & Chiu， 
unpublished result). These indicate that the method used in this study is able to 
detect trace amounts of some of the organic pollutants if present in the samples. 
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Table 4.1 Average concentrations of nine toxic metals of field collected G. lucidum 
in all sites and the tolerable daily uptake (TDI) of the corresponding metals and the 
suggested daily intake of wild G. lucidum.  
Average TDI Suggested daily intake of G. 
concentrations (^ ig/g) (|ig/person/day) lucidum per person per day (^g) 
‘"""Cd … L09 S ^ ‘  
Pb 0.83 75 90.3 
Cu 21.70 180 8.3 
Zn 51.5 60 1.2 
Ni 1.15 50 43.6 
Cr 4.42 50 11.3 
Ba 9.18 51 5.6 
M n 14.2 1200 84.5 
B 9.95 9600 964.8 
115 
Chapter 5 Conclusion 
Two aspects of G. lucidum collected in Hong Kong were investigated. They are: the 
biodiversity in G. lucidum populations and their environmental contamination. This 
fungus is widely distributed in Hong Kong, usually found in shaded areas with 
moderate humidity. Four different tree hosts of this fungus have been found; they 
are Acacia confusa, Leucacena leucocephala, Lophostemon confertus and Litsea 
cubeba. 
From the result of somatic incompatibility (S.L) test, a total 10 S.I. groups resulted 
from the 20 isolates from three sites. A tree trunk usually only has an individual of 
G. lucidum, while fruiting bodies from nearby tree trunks may or may not be of the 
same individual (belonging to the same S. 1. group). Collection strategy can be 
deduced from these results. One fruiting body from a tree trunk should be enough 
for studies and fruiting bodies should be collected from each tree trunk even they are 
very close to each other in order to obtain informative samples with minimum harm 
to the natural G. lucidum populations. 
Genetic variabilities in two mitochondrial genes, mt-SSU rDNA and coxS, of G. 
lucidum isolates collected in Hong Kong were also investigated. Six genotypes of 
partial mt-SSU rDNA sequence were found among the 36 isolates of G. lucidum. 
The genetic divergences among the 6 genotypes in this region ranged from 0.4 to 
2.9%. The partial sequences of cox3 region of the 36 isolates also belonged to 6 
genotypes. However, the genetic divergences among these genotypes, ranging from 
0.2% to 13.4%, were much larger. 
From the results of genetic variability, three genetic groups of G. lucidum can be 
found in Hong Kong. Seventeen isolates belonged to Group I，11 isolates belonged 
to Group II while five of them belonged to Group III. The obvious genetic 
divergences in the mitochondrial genome between these three groups suggest that 
they might probably belong to three different lineages. Group III isolates were 
collected from conserved areas where have little reforestation. Thus, this group may 
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probably be the native lineage of G. lucidum in Hong Kong. The other two groups of 
isolates did not show any specificity on tree hosts or districts. Also, no distinct 
geographic boundaries were found between these groups, two different groups could 
be found in several sites within the same population. 
Furthermore, three isolates probably of a cryptic phylogenetic species of G. lucidum, 
were revealed by the phylogenetic studies using cox3 in this study and ITSl and 
ITS2 previously. For instance, the genetic divergence between this cryptic 
phylogenetic species to another phylogenetic species in this study is 12.8% for cox3 
and 1.1% for mt-SSU rDNA. 
The biodiversity of G. lucidum in Hong Kong is therefore high as there are usually 
several individuals can be found in a single population, three lineages of this fungus 
and one cryptic phylogenetic species have been discovered in such a small place. 
Therefore, Hong Kong has high conservation value for this species, G. lucidum. 
On the other hand, a survey on environmental contaminations of field collected G. 
lucidum has also been carried out. Concentrations of several toxic metals, including 
cadmium, chromium, cupper and lead, have exceeded the maximum permitted 
concentrations in foods. Metal contents in roadside fruiting bodies are higher than 
those from non-roadsides. By considering the metal contents in the fruiting bodies 
and maximum daily intake of the corresponding metals, the maximum daily intake of 
field collected G. lucidum should be 1.2 \ig/g. On the contrary, no organic pollutants 
can be detected in any of the collected fhiiting bodies. Therefore, field collected G. 
lucidum is not suggested to be consumed as it contains too much toxic metals. 
As from the results of genetic studies, Hong Kong habours a significant diversity of 
this valuable fungus. These mushrooms should be protected at a certain extent as 
there are too many people like to collect wild G. lucidum for consumption, 
significantly reducing the amount of fruiting bodies in the field. On the contrary, the 
results of high levels of metal contents in field collected G. lucidum in Hong Kong 
can serve as an information to warm people not to consume this wild mushroom and 
thus acting as a tool to conserve the biodiversity of this wild, valuable fungus. 
117 
Chapter 6 Further investigation 
Ganoderma lucidum in Hong Kong is found to consist of three lineages. One group 
which is usually found in some native plantations is suspected to be the native 
lineage. However, no G. lucidum from areas rather than Hong Kong were included 
in this study. In order to answer the question of where these fungi come from, 
genetic variability of isolates of G. lucidum from other locations should be 
investigated. Furthermore, a combined phylogenetic study of the three genes which 
have been investigated, mt-SSU rDNA, coxS and nuclear ITS region, should be 
undergone in the future. 
One to five isolates have been collected from 22 populations of G. lucidum in Hong 
Kong in this study. Collection of this fungus is still ongoing in order to have a 
thorough investigation in Hong Kong. Biodiversity on the newly collected fruiting 
bodies from the new sites should also be carried out. 
Metals and organic pollutants contents in field collected G. lucidum were 
investigated in this study. The bioaccumulation pathway by G. lucidum should be 
examined. As an edible product, quality assessment should be carried out in the 
market. As a quality assurance, artificially cultivated products from farms with good 
agricultural practice might be desirable. Yet environmental protection is the ultimate 
measure in ensuring food safety. 
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